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THE ROYAL SOCIETY. 


Jamarf 6,1887. 

Professor STOKES, D.O.L., President, in the Chair. 

The Presents reoeived were lud on the tidde, and thanks ordered 
{or them. 

The following Papers were road;— 

L “On the Occurrence of Silver in Voloanio Ash from the 
Eruption of Cotopaxi of JUI 7 22nd and 23rd, 1885.” By 
J. W. Mallbt, M.D., F.R.S., University of Virginia. 
Received November 26,1886. 

A few months ago I received from Sefior Jnlian B. Santos, of 
Eonador, formerly a papil of mine in the laboratory of this Univer> 
eify, a specimen of volcanio ash collected at his place of residence, 
Bahia de Caragnes, on the coast of the Paoiflo, about 120 miles nearly 
dne west from CotopazL This, the highest and among the most 
mighty of the active volcanoes of onr globe, burst forth mto emption 
about 11^ p V. on the 22nd of July, 1885, and the ash began to fUI 
at Bahm de Caragnes at 7 a.h. on the next day, the 28rd. It fell 
there to the depth of several inches, this fact alone indicating the 
discharge of an enormons amount of solid matter into the atmosphere, 
althongh Sefior Santos wrote to me that the unsettled condition of 
the country, disturbed by revolutionary movements, prevented his 
making extended enquiries which might have ascertained thp area 
covered by the fall of ashes. 

The specimen sent me consisted of a very finely divided powder, 
mobile and soft to the touch, of light brownish-grey colour. Under 
the microscope it appeared to be made up of minute granules and 
spicules, in general with sharp, more or less splintery edges. These 
were for the moet part colourless and transparent, or white and trans- j 
lucent; tome were reddish, some dailc bottle-green, some brown, ^ 
some black and opaque. Hoit of thoee clear enough to freely trans¬ 
mit light showed brilliant oolonrs in a field of polarieed light. Quarts, 
two fhlspars (one white, and one pink or reddiah), angite, magnetite 

voih xr.n. B 



I Om tiU OeewrenM of Stivor m Voloam AtA. [Jan. 6^ 

(dtrcnigly attnoted, and aanlj mnoTed bj the end of » magnetao 
needle), and tiun aosIeB of d^ red apeonlar mm oxide were aaaily 
diatugnialied 

The aah on bemg strongly heated before the blowpipe,, or eren in 
oonaideiable quantity in a email platinnm onoiUe orer the Uaat 
lamp^ tnmed dark red brown and fdaed to a nearly black alag 
On being boiled m ita onginal state with water it gave np 0 21 per 
oent of soluble matter The solnhou gave very dutinotly the reaotione 
of bhlonne, a snlphate and aodinm, m a less marked degree the 
reactions of potassium On boiling with strong hydroohlono aoid, 
6 94 per oent was dissolved in addition to that already extracted by 
water, the amd solution was deeply oolonred by mm 
The speoifio gravity of the ash was found s 2 624 at 18” 0 aa 
compared with water at the same temperature 
An analysis of the material taken as a whole »e without any 
previous meohanioal separatum of its oonsistent minerals, and without 
previous digestion with water or amd but dried at 100* G, gave the 


frdkwing iMults — 


SiO, 

56 8G^ 

TiOg 

trace 

Al,0, 

19 72 

re,o, 

406 

FeO 

865 

IfnO 

trace 

MgO 

191 

CaO 

587 

lfa,0 

514 

K,0 

196 

Li,0 

trace 


, 

Cl 

, 

SO* 

, 

PO* 


B,0 

062 



Silver was first noticed after fusing as usual with mixed sodium 
and potassium carbonates, and dissolviag in exceu of hydroohlono 
and, on the addition of sulphuretted hydrogen to the solution, which 
had been freed from sihoa, the sulphur thrown down by feme ohlonde 
p t ee e nt was observed to be distinotly brown and on bmngfiltered oui 
and carefully burned off before the blowpipe it left a nunnte bead of 
matallio silver All the reagoits and vessels used were sorapaloaaly 
axanined, but the silver could not be traced to any of them It was 



1MT.3 On ike Cot^vky of tAo lAqmd and Gatoout StaUt. A 

sfterwuda frand that the metal oonld be obtained from the ash by 
fanaoe aisay—^fuion with pure lead carbonate, aodinm carbonate, and 
a litUe oream of tartar, and onpellation of the lead button ptodnoed; 
and a oompaiatiTe experiment waa made, with negatiTe reanlt, naing 
larger qumatitiaa of the same reagenta, but omitting the roloanio aahJ 

It waa aaoertained that ailver oonld be extracted from the aah by 
bolUng it with a aolution of ammonia, or of potaaaium oyanide, or of 
aodinm thioanlphate, but the metal waa not ^‘aaolred out in appreoi-> 
able amount on boiling with nitrio acid. Hence, aa aeema moat 
probable, it waa preaent in the aah aa ailver chloride. The fact of 
ita being found in the solution in hydrochloric add of the maas 
raanlting from fuaion with the alkaline carbonatea, is of course easily 
explained by the solvent action upon ailver chloride of the chlorides 
of sodium and potaaaium, and^(when such minute quantities are 
oonoemed) of hydrochloric add itaelf. 

The disraveiy of silver in the ash in question adds for the first time 
this metal to the list of elementary substances observed in the 
materials ejected from volcanoes, and the addition derives some spedal 
interest from the fact of the aah having come from the greatest of the 
volcanic vents of the great argentiferons chain of the Andes. 

Lead, which waa found by Sefior Santos himself, when a student 
here in 1879, in a spedmen of ash from the eruption of Cotopaxi of 
August 23rd, 1878,* was sought for in the ash now reported upon, but 
ndther it nor any other heavy metal beside silver was detectable. 

Several ooucordant experiments proved that the silver was present 
to the extent of about 1 part m 83,600 of the ash, or about two^fifths 
of a Troy ounce per ton of 2240 pounds. Small as is this proportion, 
it must represent a very large quantity of silver ejected during the 
eruption, in view of the vast masses of volcanic ash which must have 
been spread over such an area as is indicated by the fall at so distant 
a point as Bahia de Caragues. 


II. “Preliminary Note on the Continuity of the Liquid and 
Gaseous States of Matter.” By WlLUAX Bamba.?, Ph J)., 
and Sydnbt Young, D.So. Conununioated by Prof. G. G. 
Stoxeb, D.C.L., P.R.S^ Received November 80,1886. 

Fgr several years past we have been engaged in an examination of 
the behaviour of liquids and gases through wide ranges of tempera* 
turn and pressure. The results of our experiments with ethyl 
alcohol have recently been published in the ' Philosophical Transac¬ 
tions;’ those with aoetio acid in the ‘ Journal (Transaotiona) of the 
Ohonioal Society’: and the Boyal Society have in their hands a 
• 'Oham. Hswi.’ Oot. 17,1879 (voL 40, p. ISO). 

B 2 
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aiadlar inTMtigation on ethor. We liave elio finidied a etodjr of 
the thenaal pioperinee of meOijl aloohol. 

la oonaaqaenoe of a reoent pablioatkm by WroUeweki, of wbibb 
wo haTO eeea only the abetraot (‘ DeatMh. Ohem. Qeo. Borich t e,* 1886 
(Brferate)i p. 728), we deem it adTuaUe to oommnakate a ehoci 
notioo of aa inTOetigation in whiob we an at pnoent engaged. 

We find that with the aboTe*mentioned ■nbataaoea, aoetie aeid 
ezoepted, whether they an in the liquid or gaaeopa ataW, proridad 
TOlnme be kept oonatant, a aimple relation holda between praaame 
and temperatnn. It ia 

p M W?~o. 

This ia eridently a eimple modification of Boyle’a and (3ay-Imaaao*e 
lawa; for at low preaanna, when volnme ia large, the term a 
mpprotohm and finally eqnala aero,' while b diminiahea and finally 
beoomea eqnal to the '^na of e, oalonlatad from the ordinary 
eqnation, 



We have aa yet only had time to apply thia formnla with ethyl 
ether to the liquid state; and aa we an not yet quite oertain whethm 
the niation holda when 1 gram of ether occupies Tolnmee between 
4 and 80 o.o., we an at pmaent eng^^ in mearanments of Tolnmes 
and preaanma at temperaturea between 820” and 280”. Assuming the 
abore niation to be trne (and it is at all erents a close approximaUon 
to troth), it ia possible to oaloulate those portions of isotbernuds 
hudaded within the liqnid<gas area, and r^reeented in Andrews' 
diagram by horisontal straight lines. We have oalonlated a few of 
iheee isothermals lor ether, and find that the areas abore and bslow 
the horisontal lines (see woodont) an eqnal, when meaennd by a 
planimeter. 

Beeerving a full disousaion of the snbjeot nntQ the completion of 
our experiments, we would here point out the similarity between 
the eqnation p ^ IT—a, and thoee propoeed Clausina and by ran 
der Waals to npreeent these relations. Olansins’s formnla is 

RT c 
^ = ^^“T(i;+/3)»’ 


ud van der Waals’ 


RT a 


In then formuhe Clanrins’s a and e are equivalent to van der 
Waals’ b and a respectively, but R has a different eignifioation. 

We find that a somewhat similar formnla agress better with expo. 
riment than either of the abore; it is 
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wliere B, b, and a have the same meaning ae in Tan der Waala’ 
formtda. lliu formula exprusea the reenlte of ezperimenta with, 
great aoonnuqr, where the Tolume of 1 gram of ether ooonpiee not 
leu than 25 o.o.; but at emaller Tolumw it oeaaes to repreeent the 
faota. 

It ia to be notioed that both Claoaiaa’B equation and oura introduce 
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T into the denominnior of the eeoond tern; they evidently differ 
from oar first eqnntion f « IT—a, in whiok a is independent'fiC 
tempentnve. 

We ehnll Kon be in • position to oonunnnionte the ranlls of Ait 
investigation, giving fall data. 

[Jannuy ISth, 1887.— We have allnded to Olansins’s fomnln, 
bis latest pnblisbed fomnla is, however, 

s M - 7 -^—ni where dac oT*—5. As the second term is here 

also a fnnotion of temperatnre, it is evident that his last eqnataoat ts 
also not in aocordonee with the simple relation p at bT—a]. 


IlL **Note on Lepidodendron Horoonrtn and L. fhHgmosasi 
(WilL)." By W. 0. Willumsok, LL.D., F.RJS., Professor 
of Botany in the Owmis College and in the Victoria 
University. Received November 87,1888. * 

In March, 1838, the late Hr. Witbam read to the Natural History 
Society of NewoaBile<apon>Tyne the first pablio notice of the classic 
specimen of Lepidodendron known as Lepidodendron JSoroomiU. Still 
later (1883) he pnhlished farther fignree and descriptions of the same 
spedmen in his work on ' The Internal Stmctore of Fossil Yegs- 
taUas.' Additional fignres and descriptions of the same olfjeet 
appeared in the second volnme of Lindley and Hutton’s 'Fossil 
Fl^* and in Brongniart’s 'Ydg4tanx Foesiles.’ But notwMi> 
standing all these publications the exact plant to which they r efe rre d 
has long been douhtfuL I hoped to have found either the original 
specimen] in the museum of the Yorkshire Philosophiosl Society at 
^ sections described by Lindley and Hatton in that of the New<. 
oasUe Society; but, though carefully sought for, I long fslM to 
discover either one or the other. '* 

In 1671,1 laid before the B<^ Society my memoir. Fart ZZ, “On 
the Organisation of the Fossil Plants of the Coal-measures,’’ in which 
I figured (I’late 85, fig. 18), a plant that seemed to me to he identioal 
with L. Hanourtii; and in XI (18%) of the same series of 
memoirs, I gave fbrther representations of the same plant (I'late 51, 
fig. 10; Plate 49, fig. 11). Since the publication of the latter 
memoir I have obtained a fins series of specimens, which appeared to 
me to approach still more closely to the various representations of 
Lifidodendron Harwwrtii, referred to above, and which inclined me to 
think that I had hitherto induded two species under a common name. 
The two forms unmistakably belong to a common type, to whidi I 
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1697.} Leptdodeniroii HaromriH and Z> fidigtnonm. 

kftTB freqnantljr lutd oooAnon to ttia m “ Uie ^pe of L. HareoarHi,” 
dwnetoriflod the poe io e ri oa of » rmrj dietisot perenohjinetotw 
medulla, ■nrroimded 1^' a eharply-defined con-ezogenona Taaealar 
•one — the £tut nUduilaire of Brangniart—and hy the alrnoii entire 
aheesoe of any ezogenoni rasonlar lone; the chief exception to the 
laet feature being repreeented in the Plate 49, fig. 11, refemd to 
abore. 

One of the meet characteriatio featnree aeen in my new apeounena 
ooonra in the atraotnre of the foliar bnndlea. Theee have been 
large, and in tranaverae aeotiona of a atem they are rendered inoreaa 
ingly oonapicaona, by the diaappearanoe of a oonaiderable amount of 
ceUnlar tiaane which originally belonged to them, bat which ia now 
only repreaented by a clear vacant apace. What remaina of theee 
bnndlea ia equally oharaoteriatia. Bi each case the handle appears to 
be a doable one; owing to the preservation not only of ita vaaoalar 
or aylem part, bat also of a diatinct and separate string of what has 
obvionaly been a modification of the hard bast of the phloem part of 
tile handle. A farther feature ooenrs in the almost invariable dioap* 
pearanoe of the entue inner cortical sone. 

Visiting York a few weeks ago, I made a fresh search for Har> 
oonrt's original specimen, and with the kind aid of the officers of the 
mnsenm I was this time snocesafnl. The specimen represented on 
Plate 98 (fig. 1), of the ‘ Fossil Flora,’ vol. 2, was discovered, and by 
the Idndness of Mr. Beed, the intelligent Honorary Onrator of the 
geologiaal department of this mnsenm, 1 have b^ permitted to 
obtain a tranaverae section of it. It is now certain that my more 
recently acquired specimens represent the true L. Haramrtii, and, 
in all probiAility, fig. 9 in Plate 52 of my Part ZI is a very young 
branch of the same species. Those previoaaly figured by me and 
referred to above are certainly distinct. They are characterised by 
the greater uniformity in the composition of the entire cortex, the 
inner part of which is preserved, and by the absence of the duplex 
atmotnre of the foliar handle. The small aiae of the cells of the 
inner cortex, and the dense aspect both of it and of the foliar 
bandies (see fig. 10, Plate 51, Part ZI), give to tnuuvarae aeotiona of 
the form so sooty an aspect contrasted with the Inminona aemitrans- 
parency of the true L. Hanourtii, that I propose to reoogniae the 
tonBBV as LqModmdronfuHginotum. 



Prot W. a WflliMnson. 
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IV, ‘«On the Orgaeiafttion of the FoaaO Plants of tlie Coal* 
jneasnrea. Heterangium Tiliamdu (WilL) and KaUmyhn 
Hooktri." By Professor W. C. WnxuiiSOK, LLD., P.R,S., 
Professor of Botany in the Owens College and in the 
Victoria Univetsify. Beoeived December 1,1886. 

(Abstract.) 

Sereral yean ago the anthor dtacoTored the items and branbhw 
of a remarkable plant in the Garboniferons beds at Bnmtislaad^ 
which he descrihed in the rolnme of the ' Philosophical Transactions * 
for 1878, under the name of HeieroHgium Qriemi. This plant dis* 
played a central axis, in which was combined a onriona mixture of 
oeUs and Teasels. These were snrronnded by a vasonlar sone, with 
mednllary rays, eridently a prodoot of an investing cambinm layer. 
Ontside this exogenous growth were a complex series of oortioal 
laysrs, with various arrangements of vascular bundles going off to 
supply lateral appendages. The indefatigable industry of my valuable 
auxiliaries, William Gash, Esq., and Mr. Binns, of Halifax, have 
supplied a series of spedmens which the antiior soon found to be 
a new species of Heterangium, to which he gives the name of Hetoruii' 
ptam TiUaoidet. Whilst the plant exhibits all the features of interest 
seen in H. Qrievii, it has others peculiar to itself. Its central axis 
omresponds closely with that of H. Ofievii. Its exogenous vasonlar 
or aylem sone is more fully developed than in the older species, but 
the most striking features are seen in new structures external to and 
developed by what has been a oambial sons. The sylem consiste of 
groups of vascular laminss, the inner ends of each of which groups sO’ 
oonverge as to separate the vascular ring into a series of distinot 
bundles. These are not only separated fW>m each other by primary 
medullary rays, but as each of these latter passes outwards towards 
the cortex, it rapidly expands laterally, auuming, in transverse 
aeotionB, a trumpet-shaped oontour. These are in fact true primary 
phloem rays, as fine as those seen in the shoots of the Zdme tree; 
hence theipeoifio name of TUveoidet given to the plant by the author- 
Between these large phloem rays are clusters of phloem, the radial 
diameter of each of which is oo-exteusive with the sylem part of the 
bnndletowbich it belongs. Each ofthe^lem-bnndles is subdivided into 
minor groups of two or three vasonlar laminm, separated by secondary 
mednllary rays, each of which latter can be' traced as secondary 
phloem rajfji passiog radially outwards through the phloem portion 
of each bnpdle. ^e vessels seen both in the vasoulo-meduUaty 
sviM and in ^e exogenous sone are chiefly furnished with bordered 
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ftta, not oonSnod, u in Oonifen, to the lidea of the veasels in oonteot 
with the mednllu^ mys, bnt oovering their entire oinmiuferenoe. 

On eremining tengentiel and radial eeotione of the phloem, it ie 
fonnd to contain nnmorona long narrow tnhee, bat which cannot be 
dieolatelj identified with either eieve tnbee or with aclerooe flbree. 
In the outer bark numeroae flat platee of coarse solerone jMtrenohyma 
pM horiiontally outwards. This featnre is equally oharacteristio of 
Sttarangimt Qrimi. Yarions forms of lateral outgrowths are also 
deeeribed. 

Further obserrations are recorded on the stmotnre of Kaloxj/lom 
Hockeri, also originally described by the author from speoimene 
obtained from oollieries near Oldham, in ‘Phil. Trans.,’ toI. 166 
(Part 1,1876). These speoimens, though revealing the elegant arrange* 
menta, especially of its vascular structures, to which tho plant owes 
its name, did not fully reveal the true stmotare of its cortex. But 
aoou after the publication of the memoir referred to, the author 
obtained from Halifax beautiful examples in which this defect waa 
remedied. These new specimens exhibited within a remarkable epi* 
dermal layer, a thick .cortex, always abounding in narrow vei-tically 
elongated tubes, which appear to have been either gum or resin 
outols. In some examples these are crowded together in remarkable 
numbers. But the Halifax specimena exhibited other peculiarities. In 
some of them the peripheral end of each of the five or six radiating vas- 
oular wedges, which are so oharaoteristio of the plant, ie famished with 
a true phloem element. In the larger proportion of the Halifax speoi* 
mens ^ radiating exogenous extensions of the central vascular axis 
are wholly wanting, and, whilst in most of the specimens which possess 
these exogenous growths no cellular parenchyma appears amongst the 
Teasels of tliat central axis, specimens are describ^ which display 
a gradual development of such tissue in that position. In some 
cases its amount almost equals the area occupied by the medullary 
vascular bundles. Some of the latter examples give off rootlets from 
the exterior of the central vascnlo-cellnlar axis, which pass directly 
outwards through the bark. A farther series of specimens is described, 
each of which contains vascular bundles, of which the transverse section 
is quadrangular, closely iwsembling the tetraroh bundles of many 
roots. Tracing these bundles downwards through a number of 
examples which diminish in sise until very minute ones ore reached, 
we find evidence that these bundles developed eentrifugolly instead of 
oentripetally. Nevertheless the author inclines to the belief that these 
(dijeots are true rootlets. 

After pointing out the probaMity that the Lyginodendron OJdhamiim 
previously described by him is,' notwithstanding its exogenous mode of 
growth, a fern, of whioh Baohiopterii tupera was the foliage, the author 
states that Hr. Eidston has supplied him with straotureless specimens 
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prcaetred in sliale, of BpKmopUrU ehgan$, whioh dbpky mgntat 
tnmimM ridgei orauiiig thair atemt muI bnoohM, wbioli M«a to 
li»t« be«n caused by the presenoe of bands of some baxd sabstaaoa, 
oorresponding exactly with those seen in the ooter baric of both the 
Heterwigiuins. These, at all events, are the only examples of fossil 
Carboniferous plants, in which structures comparable with those of 
tibe Heterangiom stems have been discovered. It is not without sig¬ 
nificance that S. Onnii has not only been found in the Wes^>halian 
deposits of Pith VoUmond, but a German locality has famished 
Professor von Weiss, of Berlin, with specimens of fi^AsNoptsrw 
slegant, having the same kind of bark as those found in Scotland. 
The author suggests that the Heterangiums may possibly have been 
ancestral forms, having exogenous stems and fern-like foliage, which 
may have bequeathed the former features to some of the modem 
Oycads, and the latter to the Ferns, the living Stangeria having 
retained some of the features of both. 


Pretmii, January 6, 1887. • 

Transactions. 

Baltimore—Johns Hopkins University. Oironlar. VoLVI. No. &8. 

4to. Baltimore 18M. The University. 

Berlin:—BL P. Akademie der Wiasensohaften. Sitsungsberiahte. 
1-88. 8vo. BeWtnlSSfi; Jacobi’s QesammelteWerke. Band IV. 
4to. Berlin 1886; Folitische Correspondens Friedrich’s dea 
Orosson. Band XIV. Large 8vo. Berlin 1886. The Academ y . 
Boston:—Society of Natural History. Memoirs. Vol. III. Nos. IB¬ 
IS. 4to. Botion 1886; Piooeedings. VoL JfXIIT. Port 8. 8vo. 
Boeton 1886. The Society. 

Brussels ■—^Aoad6mie Royals de M4deoine de Belgique. Bnlletia. 
Annde 1886. Tome XX. Nos. 4-9. 8vo. Bnuellee 1886. 

The Academy. 

Acad^mie Resale des Sciences. Bulletin. Ann^e 55. Nos. 4-10. 
8vo. BmmMet 1886. The Academy. 

Cambridge, Mass:—^Museum of Comparative Zoology. Bulletin. 
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1886. Noa. 6-16. 8vo. Oottmgm. The Society. 
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Hamburg 1886. The Museum. 
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mhe 1886 The Observatory 

London —Nantioal Almanac Office The Nautical Almanac for 
1890 8vo Xondoal886 1 he Office 

Standards Department Fquivalents of Metric and Imperial 
Weights and Measnres Metric to Imperial Small 4to (on 
card) Lon Ion 1886 Ditto Imperial to Motno 

The Deportment 

Madras —Arohaologioal Survey of Southern India Vol IV 4to 
Madrat 1886 The India Office 

Meibom ne —Observatory Monthly Record Juioaiy to Jnly, 
1886 8vo Moll ow no The Obserratory 

Pnlkowa —Nioolai Hanptsterawarte Jahresbencht am 25 Mai 

1886 8to 8t Peterobu g 1886, Zeitstem Ephemenden anf 
das Jahr 1886 8vo St Petoriburg 1886 The Director 

Borne —Pontifloia TTniversiti Grogonana Bevista Meteorologica 
Vol XXV Num 3-5 4to Boma 1886 

The Umramt} 

Washington —National Academy of Soienoee Report 1886 8vo 
Washington 1886 The Academy 
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Amerioaa Ohemioal Jonnuil. Vol. YIII. Noa. 8-4. 8m BaUimon 
1886. Tlie Bdilor. 

American Jonmal of Ifathematioa. Vol. Vlll. Noa. 2-4. VoL XX. 

Xo. 1 4to BaUtmore 1886. Tha Editor, 

American Jonmal of Philologj. Yol. VII. No. 8. 8vo. BaUimon 
1886 The Editor. 

American Jonmal of Scienoe. Jnly to December, 1886. 8m 

Newhaoen 1886. The Editor. 

Analyat (The). Jnly to December, 1886. 8m Londoa 1886. 

The Editor. 

Annalen der Phyaik nnd Ghemie. 1886. Noa 6-18. 8to. Loiftig 
1886; Beiblatter. 1886. Noa. 5-11. 8vo. Laptig 1886. 

The Editor. 

Annalea dea Hinea. S4r. 8 Tome IX. Idvr. 8-4. 8m Pario 

1886. L’EooIe dea Minea. 

Anthony'a Photofi^phio Bnlletin. Vol. XVII. Noa. 81-82. 8m. 

Nmo York 1886. The Editor. 

Aatronomie (L’). 5e Ann6e. Noa. 16-18. 8m. Peru 1886. 

The Editor. 

Athenenm (The). July to December, 1886. 4to. London 1886. 

The Editor, 

BaOder (The). Jnly to December, 1886. Folio. London. 

The Editor. 

Canadian Secord of Science. Vol. II. No. 4. 8m. ilontroal 1886. 

Natural Hiatory Society, Montreal. 
Chamber of Conuneroe Jonmal. May to December, 1886. 4to. 

London, The Editor. 

Chemical Newa (The). Jnly to December, 1886. 8ro. London. 

The Editor. 

Coamoa. Jnillet—^D^oembre, 1886. 8m. Parit. L’Abbd Valatte. 
Bdnoational Timea (The). Jnly to December, 1886. 4to. London. 

The Colletre of Preoepton. 
Eleotrioal Reriew (The). Jnly to December, 1886. Folio. London. 

The Editor. 

Horologioal Jonmal (The). Jnly to December, 1886. 8m. London. 

The Horologioal Inatitate. 
Blnatrated Scienoe Monthly (The). Vol. IV. Noa. 4-5. 8vo. 

London 1886. The Editor. 

Indian Antiqnaiy (The). May to December, 1886. 4to. Bombag 
1886. The Editora. 

Indnatriea. May to December, 1886. 4to. London. The Editor. 
Machinery Market (The). July to December, 1886. 4to. London. 

The Editor. 

Meteorologiaohe Zeltadhrift. Jahrg. lEL 1886. Heft 8. Small folio. 
Berlm. Dental Meteorologia(die Ceaellsohaft. 



Pmmt$ 


15 


mi 

Jvamlm (eonlHtmti) 

Monkm Sbonuk 1886 No* 4*7 8to Bi Ptlertburg 

Compua Otwerratory Croaitadt 
Kataimlut (Tlw) July to Deoembv 1886 8 to Leeds 

The Editors 

Katnre July to December 1886 Large 8tro London The Editor 
Kow York Medical Journal July to December 1886 4to New 
York The Editor 

Notes and Queries July to December 1886 Small 4to London 

The Editor 

Obeerratory (The) Nos 110-117 8to L don 1886 

The Editors 

Bensta do Obserratono Anno 1 Nnm 11 8vo Bto de Janeiro 
1886 Imperial Observatory 

Beme Internationale de 1 Electricity EeAnnde Nos 22 2d Large 
8to Pane 1886 The Editor 

Symons s Monthly Meteorological Magaiine Jnly to Decembeiv 
1886 8vo London Mr Symons F B S 

Zeitsohnft fur Biologic Band XXII Heft 4 Band XXIII 
Hefte 1-3 8to Muf ehen 1886 The Editors 


Abn^ (Capt) B E, F B S Instrnotioa m Photography 7th Edition 
12mo Tondon l696 1 he Author 

Baird (Major) F B S and F Boberts Tide Tables for the Indian 
Ports for 1887 12mo London 1886 T1 e India Office 

Ohijs (J A Van der) Nederlandsoh Indisoh Flakaatboek 1602- 
1811 Deel 8 1678 1709 8vo Batavta 1886 

Bataviaasoh Oenootsohap van Kunsten en Wetensohappen 
Fnedlander und Sohn (B ) Bibliotheca Histonco Naturalis et Mathe 
matica Lager Gating 8to BerAnl88€ Messrs Fnedlander 
Chlbert (Prof) FBS Bemarqnes snr la Belation qni existe entre 
lee Sommes de Tempdrature et la Production Agncole 8vo 
f?eiidMl886 TheAnthor 

Gill (T ) Bibliography of South Australia 8vo Adelaide 1885 

The Agent<General 

Goppelsroeder (F) Heber die Darstellung dei Farbstoffe 8to 
Beeekenberg 1885 The Author 

Hdbert (M ) Observations snr lee Gbonpes Sydimentairea les plus 
Anmena dn Nord onest do la France 4to Par e 1886 
Huii(G-A ) La Orndtique Modems et le Dynamisme de lAvemr 
Pant 1887 The Author 

Lswia (T B ) Obxlnazy Notice of the late 8vo London 1886 
Monaco (Pnnoe Albert de) Sur le Gulf Stream 8to Pane 1886 

TheAnthor 
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ICwller (B*ron von), F.B.S. Douripliion and lUiutntioM oi thn 
Myoporinoni Plwta of Auitmlia. Lithogram*. 4to. M$tbamm$ 
1886. The Author. 

Bembant (A. A.) On the Poaribility of determining the Diitenoe at a 
Double Star. 8vo. Dublin 1886; On the Bednotion of Beeeel’a 
Preoeuiona to thoee of Sfarnra 8ro. Louden 1886. 

The Author. 

Bajleigh (Lord), Seo. B S. Eleotrioal Meaenrements. 4to. [Doiidon] 
1886. The Author. 

Beade (T. Mellard) The Origin of Monntain Bangea. 8vo. London 

1886. The Author. 

Sang (E.) A new general Theory of the Teeth of Wheela. 8rro. 
Edinburgh 1862. The Author. 

Belwyn (Alfred), F.B S. DeaoriptiTe Catalogne, Boonomio Mmerala 
of Oanada, Oolunial and Indian Exhibition, 1886. 8to. London 

1886. The Author. 

Spencer (J W.) Niagara Foaaila. 8 to. Bt. Louii 1881. 

The Anthor. 


January 18,1887. 

Profeasor STOKES, D.O.L., President, in the Chair. 

The Presents reoeired were laid on the table, and thanks ordered 
for them. 

The Bight Hon. Hardinge Stanley Oiffard, Lord Halabory (Lord 
High Chancellor), whose oertifioate had been suspended as required 
hy the Statutes, was balloted for and elected a Fellow of the Society. 

The following Papers were read;— 

1. *' Supplementary Note* on PohiearUhua Fomi, describing the 
Doi^ and some parts of the Endoskeleton imperieotly 
known in 1881.” By J. W. Huleb, F.B.S. i^oeived 
December 14, 1886. 

(Abstract.) 

The anthor describes the large dorsal shield, which has been 
recently restored and now exhibits the grouping of the keeled and 
tuberonlated fragments, which in their disconnected and scattered 
• 8m ‘Phil Trsiu.,’Tol. 172 (1881). 
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•mdition liad fomuriy been ngnrded m portioai of Mpentte ecntee. 
TUa unique apeoiman ahowa PoUoenihna to haye poaeeaaed a more 
eomplete dermal annatnre than any other Dinoaanr yet deaoribed. 
The pelyia ia more fnlly deaoribed than waa poaaible in 1881, and in 
partioular the form and direction of the iaohian arch ahown to be 
different from thoae obtaining in the Ignanodont family. 


II. “ The Reputed Suicide of Scorpione.” By AlfrBO G. 
BournK, D.So., Fellow of University College, London, and 
Professor of Biology in the Presidency College, Madras. 
Communicated by Professor Rat Laotucster, F.R.S. 
Received December 22, 188(>. 

The legend that a soorpion when placed vrithin a ring of red>hot 
embers will, after making fatile efforts to pass the fiery circle which 
anmnnds it, deliberately kill itself by inflicting a wonnd with its 
. ating in ita own head ia aaid to emanate from Spain, and is of oon- 
aiderable antiquity: it haa been, moreover, attested by very high 
anthority. 

The phenomenon would, however, be so extraordinary that its 
ooonrrence has been much doubted. Did it happen, it would stand os 
Romanes* saya “ as a unique case of an inatinot detrimental alike to 
the individnid and to the species.” 

The snljeot has withm recent years attracted a considerable amount 
of attention, and numoroua oonflioting statements based both npon 
incidental otMwrvations and npon definite experiments have been from 
time to time recorded. 

Snigeon-General Bidie of Madras baa desoribedf an experiment 
where he oonceutrated the snn’s rays with a burning glass upon the 
back of a soorpion, which thereupon stnng itself and died. Dr. Allen 
Thomson^ also brings forward corroborative evidence as to the effect 
of rays of light. Mr. GillmanJ described experiments made with a 
cirole of glowing charcoal in which he states that the scorpions died 
from their own sting. Mr. B. F. Hntohinson§ pointed out that the 
animaU experimented npon by Mr. Gillman died from the excessive 
heat. Mr. Qillman, however, subsequently pointed out that the 
temperature in the centre of such a cirole of glowing charcoal as he 
used doee not exceed 50° 0. 

Mr. Carran§ tried the same experiment " a score of times,” and 

• * Aninisl lutelUgenee,’ p. 2S5. 

t ' Katnre,’ toI. U. 

J ‘ Ifatuir,' rd, 20. 

I ' Nature,' toL XI. 


VOL. XUL. 
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“ nerer nw the phenomenon so graphioallj delineated bj Bynm.” 
A would-be hnmorou anonymona oorreapondeni writiiig ^ the aame 
time anmmed np the subject thus: ** Gan a man pummel hia own 
back P Can a horse kick its own belly P Bat the feat attribnted to 
the scorpion, apart from its moral obUqnity, is physioally eren more 
triumphant." Mr. Lloyd Morgan* tried a great many methods of 
tormenting scorpions with the view of indnoing them to oommit 
suicide, but in no single case did they attempt to do so. 

Lastly, Bay Lankeaterf noticed when killing a scorpion (^Androehnm 
fwMstwi) with chloroform vapour in a glass box that it made “ repeated 
blows with its sting in a straight-forward direction above its head,” 
and at last one blow was so ill-directed as to cause the sting to oatoh 
under the free projecting margin of the posterior region of the cephalic 
shield. There was no laceration in this case, bnt it was evident there 
might have been. Lankester states that it is important to note the 
spemes observed in connexion with this question. Suicide may occur 
in some species, but not in others. He also suggested to me that I 
should ascertain whether the scorpion is ‘ immune * in regard to its 
own poison, as Fayrer states to be the case with Viertain poisonous' 
snakes. 

At least three species of scorpion occur here—a large black 
one, whioh is probably Buthu Koehti, a smaller lighter-coloured one, 
and a very small red one. I hope to determine these accurately 
later on. In the meantime I have tried a very large and varied 
series of experiments upon their stinging powers with the following 
results: — 

1. There oan be no doubt that it is physioally possible for a scorpion 
to sting itself in a vulnerable place. 

8. When a scorpion is placed in very unpleasant oiroumstanoes it 
not unfrequently lashes its tail about and causes actual penetration of 
the sting, as in the case observed by Dr. Bidie. 

3. The poison of a scorpion is quite powerless to kill the same 
individual or another individual the same or even of anotiier 
species. 

4. The poison is very rapidly fatal to a Thelyphomu, less rapidly so 
to a spider, and much less lapidly so to an insect. 

5. Two scorpions when fighting repeatedly sting one another with 
little if any efieot, the stronger kills the weaker by actually pulling 
it to pieces with its chelioem. 

6. Scorpions cannot stand even a dry temperature much above 
60* C., but fall into a sort of “heat coma," and soon die if the 
temperature is raised. 

• ‘ Nsture,’ vui >7. 
t * Lmn. Boo. Joun., Zo(d.,' voL 16. 
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I wiU bnaflf deaonbe the ezpentoaata which hare led to the abore 
TMolta 

1 If a dead soorpion be taken which u qnite hmp and not in a 
atate of ngonr, it will be easilj i^n that t^ last four segments of 
the tail are about the only portions of the body, whether on the 
dorsal or ventral surface, where a scorpion oonld not sting itself 
Farther, if two fighting scorpions be watohed it will be seen that the 
extent to which the sting can be moved about is perfectly wonderful 

2 I have tiled the experiment with a charcoal fire, with a burning 
glass, and indeed a variety of other " omel ’ means of leading the 
soorpion to despair, and to attempt to end all by suicide, and have 
noticed that in lashing the tail about scorpions so treated have stnng 
themselves To take the burning glass experiment, if the lays be con¬ 
centrated on any part of the body the scorpion brmgs his sting there 
and endeavours to strike away the sonroe of iriitation (1 have seen a 
soorpion do this from whom I had removed the whole sting some 
weelu previously), and sometimes the endeavours become more and 
more frantic, and the point of the sting catches somewhere, but the 
soorpion does not die unless the heat is concentrated on the back 
when it soon succumbs and this equally so even w^th the stmg tied 
down or previously removed 

8 Upon the third proposition, which, if once established, is a 
condnsive and positive refutation of the suicide theory, I have tned 
« great many experiments I have taken scorpions bdonging to the 
vanous species found here, and by holding the sting between a pan 
of forceps and the scorpion in my hand I have pni/ked the scorpion 
in various places with the stmg and tqwexed out xUpotton, there is a 
little blee^ng from the wound Then still holding the stmg I have 
taken a oookroach and squeesed out some more of the poison mto it, 
and always with these results the soorpion lives foi days, the oock- 
Toaoh becomes very sluggish at once, and dies m an hour or so, it is 
always considerably paralysed, and cannot run away &r or &st 
1 hare also used a large onoket instead of a oookroach stung in the 
femur of the large hind log, that leg becomes paralysed Stung in 
the same place on both sides both the hmd legs become useless, the 
animal crawls away on the two anterior pairs of legs, but otherwise 
appsars happy Stung m the thorax it becomes quite torpid, when 
placed on its back it is not able to turn over These last expenments 
show that my method of squeesmg out the poison is perfe^y effec¬ 
tive 

I then proceeded to try stinging one scorpion with another, firstly, 
both being specimens of the same species, secondly, nsuig differed 
apeaeB There was always the same result, the stung individual 
never died from the stmg, although I think that oocasionaUy it 
became a tnfle sluggish 
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4 After oonsidemble Marob I proeond lome epeoimeiui of Thdn^ 
pkomit, which I choaa m being (be neueet relatiTee of the ecorpume. 
I Btong theee in toy naual method, and in each ease they died within 
fix woonds. I then tried some spiders; they died in a few minntee 
when well stnng. The action on cockroaches and crickets is described 
above. The oqnallj rapid local bnt slower general action in these 
latter animals is probably to be explained by the very ineffloient 
oiroolation of the blood in insects as compared with Araohnida. It 
would be an interesting experiment to sting a Irtmaltw, and compare 
the effect with that on a crustacean, and with that on other Arachnida. 

5. While keeping a quantity of scorpions together in captivity it is 

not difficult to induce a couple to fight. I isolated such a couple, and 
they ibnght on and off for two days, during which time each repeatedly 
stnng the other. The scorpions face one another, and the more 
powerful managos to hold the other's ohelsa within its own with a 
sort of hugging action; it then fights with its ohelicens, clawing 
about the region of (ho month. A strong scorpion will actually (ear 
out the chelicera of a small one in this mannei’; it then proceeds to 
suck the blood and juices. i 

On another oocasion I separated froih one another two scorpions 
which had been fighting, and which bad repeatedly stnng one another. 
They lived perfectly well. 

6. Apropos of Mr. Gillman’s remarks about the actual temperature 
to which ^e scorpion is subjected in the “ fiery circle,” I tried this 
experiment. I placed a scorpion and a cockroach (for comparison) in 
an incubator with glass sides; I gave them a piece of wood to walk 
about upon, and gradually raised the temperature. At 40" C. both 
seemed uncomfortable, the cockroach periormed a sort of licking 
action on all its legs and antennas; at 45" 0. the scorpion became 
very sluggish, and at 50° G. it was nearly dead. A large fbrions 
scorpion ^fore the experiment, it now lay on its back and did not 
attempt to get up. I took it ont and gave it a oold bath, and put 
it in a cool earthenware vessel, and it gradually (two hours) 
recovered. The cockroach I left in the incubator till the temperature 
reached 52" C.; when it was nearly dead I took it out, and it veiy 
gradually recovered. 

To try the effect of a wet heat I placed a scorpion and a cockroach 
in water at 43" C., and they both died almost immediately, whereas 
(hey would both have lived in oold water for hours. 

In conclusion, I think we can understand how various observers 
have been led to form conflicting opinions, but 1 think we may safely 
assert tiiat scorpions do not oommit suicide. There is not ouly an 
absence of proof that tiiey poesess any instinct to do so, but absolute 
proof that it is ohemioally impossible for them to do so—at any rote, 
in the species which I have examined. The immunity of the soorpioit 
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frwB any lajnnooi inflaenoe aftar inoonlabon with iti own poiaim la 
a further example of a pnnoiple alreadj establmhed I 7 ' Sir 
Joaeph Vayrer’a expenmonta,* whioh show oonolasirely that the 
oolwa poison will not affect a oohra, and will not even aflbot the 
wipennePfpos 

Poatsonpt 

Having received some cntioisms and suggestions from Professor 
Bay Lankester with regard to the above record of expenmenta, I 
have made the followmg additional observations — 

1 It appears to have been stated that inclosnre in a omle of oil, 
or inolosme under an inveited tumbler, will cause a scorpion to 
commit smoide I placed a scorpion on a plate within a nng of 
ooooa nut oil It ctdmiy walked throngb (This calls to mind Sir 
Eenelm Digby’s experiment with a spider placed m the centre of 
a mrole made of powdered “ unicorn s horn Contrary to Sir 
Eenelm s prediction when this experiment was made before the Bo}al 
Society on 2ith July, 1661, the spider, as recorded in the Society’s 
legister, “immediately lan out aeverall times repeated The spider 
onoe made some stay upon the powder ’) I placed another scorpion 
on a plate, and round the edge a thick loll of rag diippmg with 
kerosme oil The scorpion walked out over the rag 1 farther daubed 
the scorpion with the oil it appeared unoomfoi table bnt did nothing 
remarkable Tho experiment with an inverted tumbler was made 
and gave the same negative result 

With regard to the method of ‘sqnoesing out the poison In all 
my experiments I catch hold of the sting with a pair of forceps 01 in 
my fingers and press the poison out It is quite easy to press out a 
little drop of milky white finid which has a very pungent smell 
lesembhng that of formic acid 

As to the parts of the body in which two scorpions when fighting 
atmg one another, I have observed that tho sting is most usually 
infii^d under the front edge of the carapace, or between the jomta 
of the groat cholse, and sometimes near the bases of the other legs 
I have constantly iiatisfaed myself of the actual penetration ef the 
sting lam also perfectly convinced that the soorpions so stung do 
not m any way suffer from the poison 
As to tho position of the artificial atinging earned out by me, I 
took especial care in all cases to avoid meohanioal mjnry to the nerve 
ganglia Thna m my notes 1 find “ Scorpion A made artificially to 
atmg Scorpion B m three places under tho oepbalothorox, no cessation 
<ff activity ’’ Again, *' Thelypbonna A stung artificially in mid dorsal 
line between two abdominal somites The animal which was very 
active drew m hu legs ngidly, and died m ten seconds ” “ Thely- 
* ‘ The Thsmitopbidjs of India' 
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phomis 6 itnng in Mune maimer with same xeralfai.’* Again, " Ooek- 
roaoh etnng between abdominal tei^j^a.” “ Cricket stnng in third leg, 
that leg became paralysed; leg mnored with soissori, and the animal 
became qnite active.” “ Gi 7 llotaIpa stung in one thigh, leg paralysed 
at once; stung in oppoaito thigh, same result. Other legs moving, 
turns over when plac^ on his back and crawls about. Stung now 
in thorax (dorsally), quite paralysed; moves jaws, but will not turn 
over.” 

I have made experiments with simple puncture for control—that is 
without introduction of scorpion poison. Using large insects for 
these experiments 1 obtained complete freedom from ill-effects when 
using simple puncture, whilst the same species of insects when 
punctured with introduction of scorpion poison were instantly para¬ 
lysed and died in half an hour. 

I also procured two small shore crabs. One I punctured between 
two joints of the great chela of one side; several drops of blood 
exuded, but they coagulated, and the crab remained well. The second 
I stung in the same place with scorpion’s sting, squeesing it to ensure 
poisoning. The claw was immediately pu^yitod, and the crab 
gradually became torpid, and died in less than an hour. 


III. “ Supplcmentaiy Note on the Values of the Napierian 
Logarithms of 8, 3, 5, 7, and 10, and of the Modulus of 
Common Logarithms.” By Professor J. C. Adams, M.A., 
F.R.S., Louudsean Professor of Astronomy and Geometry 
in the University of Cambridgo. Received December 8U, 
1886. 


In vol. 27 of the ' Proceedings of the Boyal Society,’ pp. 88 —94, £ 
have given the values of the logarithms referred to, and of the 
Modnlns, all carried to 260 places of decimals. 

These logarithms were derived from the five quantitiea a, i, o, d, e, 
which were calculated independently, where 




= 10gg 


dsslog 


60 

49’ 


and e Bc log 


126 


and a complete test of the accuracy of these latter oaloolations is 
afforded by the equation of condition 

’ a — 26 -I- 0 B d + 2s. 

In the ^oal case the values found fbr a, 6 , o, d, s satisfied this 
equation td 263 places of decimals. 

Althonglithis proved that the values of the logarithms found in the 
above paper ymd been determined with a greater degree of accuracy 
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tliTi ma tlwre oltimed for them, jeb I wu not enhrelj utiafied with 
th« Molt, •moo the oalcnUtion of the fundamental qnantitiea had 
been earned to 269 plaoee of decimalo, and therefore the above ated 
equation of condition showed that some errors, which I had not sne* 
reeded m tracing, had crept into the calonlations so as to ntiate the 
reenlts beyond the 263rd place of decimals 
Of oonrse m working with such a large nnmher of interminable 
decimals, the necessary neglect of decimals of higher orders causes an 
uncertainty in a few of the last decimal placts but when due care is 
taken, this uncertainty ought not to affect more than two or three of 
the last figures 

The Napierian loganthm of 10 is equal to 23a—Gh+lOo, and the 
Modulus of common logarithms is the reciprocal of this quantity 
Since the value found for the loganthm of 10 cannot be depended 
upon beyond 262 places of decimals a ooi responding nucortainty will 
affect the value of the Modulus found from it 
In the operation of dividing unity by the assumed value of log 10, 
however, the quotient was cained to 282 places of decimals 
This was done for the purpose of supplying the means of correcting 
the value found tor the Modulus without the necessity of repeating 
the division, when I should have succeeded in tracing the errors of 
oalculation alluded to above, and thus finding a value of log 10 which 
might be depended upon to a largor number of decimal places 
Through inadvertence, the values of the logarithms concerned, and 
tile resuli^g value of tho Modulus, were printed m my paper in the 
' Proceedings ’ above leforred to exactly as they resulted fiom the cal¬ 
culations, without the suppression of the decimals of higher orders, 
which m the case of the logaiitbms were uncertain, and in the case of 
the Modulus weie known to be incorrect 
Although it was unlikely that this oversight wonld lead to any mis- 
miprehensiou as to the degree of aoenraoy claimed for my results in 
the mind of a reader of the paper itself there might be a danger of 
such misapprehension if my printed results weie quoted in full nn 
accompanied by the statement that tho later decimal places were not 
to be depended on 

My attention has been recalled to this subject by the oiroumstanoe 
that m the excellent article on Logarithms which Mr Glaishei has 
contributed to the new edition of the ' Bncyolopsdia Bntonnica,* ho 
has quoted my value of the Modulus, and has given the whole of the 
282 decimals as printed in the Proceedings of the Boyal Society,’ 
without expressly statmg that this value does not claim to be accurate 
beyond 262 or 268 places of decimals 
1 have now auooeeded in tracing and correcting the errors which 
vitiated the later decimals m my former caloulations, and have 
extended the compatations to a few more decimal places The oom 
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patotaons of the fnndunental logarithiaf a, (, e, d, e hvn now Immi 
outied to 276 decimal plaoea, of which onl; the last two or three arc 
nnoertam. 

The equation of condition, a—26+o = i+2e, by which the aeon- 
racy of all thu work ia teated, is now satisfied to 274 places of 
dedmals. 

The parts of the seTeral logarithms concerned which immediately 
follow the first 260 decimal places as already given in my paper in the 
‘ Proceedings,’ are as follows:— 

a 05700 S8668 72127 8 
b 67972 72775 92889 4 
0 42038 01732 39184 3 
d 08865 93150 99834 1 
e 01468 48349 12851 7 

Whence a - 26 -h c = 11792 89849 25533 3 
and d + 2e= 11792 89849 25537 5 

Difference = 4 2. * 

Also the corresponding paits of the logarithms which are derived 
from the above are- 

log 2 30070 95326 36668 7 
log 3 68975 60690 10659 1 
log 5 13580 59722 56777 3 
log 7 74183 10810 25196 7 
Whence log 10 43651 55048 93446 0 

And the correction to the value of log 10 which was formerly 
employed m finding the Modulus is 

- (263) 33 69426 01554 0 

where the number within brackets denotes the number of cyphers 
which precede the first significant figure 

The corresponding correction of M, the Modulus of common loga¬ 
rithms, will be found by changing the sign of this and multiplying by 
M*, the approximate value of which is 

0-18861 16970 1161 

Hence this correction is 

(264) 6 35513 15874 7 

And finally the corrected value of the Modulus is 
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IC»‘484« 4Mai9 OttSl 8f7<6 1U89 18916 60608 88948 97006 80866 

66661 14468 78816 68646 49808 87077 47892 84949 88848 17488 

18706 10674 47668 08788 64167 98871 68968 90666 98810 64668 

61886 68681 87086 66867 08896 98870 86966 88866 88881 16860 

77884 00614 28448 48666 76864 66860 66185 66148 81284 87668 

48648 48678 17268 88668 81868 25 

whidi ii trae, oertainljr to 272 and probably to 273 places of 
deoiinala. 


IV. “ On tho Crimson Line of Phosphorescent Alumina.” By 
William Crookes, F.R.8., V.P.C.8. Received December 
80,1886. 

In a paper which 1 had the honour of oommnniosting to the Royal 
Society* in March, 1879,1 described the phosphorosoenco of ainmina 
and its various forms when under the inflnence of the electrical dis¬ 
charge in vaeuo, in the following words:—“ Next to the diamond, 
ainmina in the form of mby is perhaps the most strikingly phosphor¬ 
escent stone I hare examined. It glows with a rich, fall red; and a 
remarkable feature is that it is of little consequence what degree of 
colour the earth or stone possesses naturally, the colour of the phos¬ 
phorescence is nearly the same in all oases; cbomioally preoipitated 
amorphous alumina, rubies of a pale reddish-yellow, and gems of the 
prised ' pigeon’s blood ’ colour, glowing alike in tho vacuum, thus cor¬ 
roborating £. Beequererst results on the action of light on ainmina 
and its compounds in the phosphoroscope.The appear¬ 

ance of the alumina glow in the spectroscope is remarkable. There is 
a faint conlinnons spectrum ending in tho red somewhere near the 
line B; then a black space, and next an intensely brilliant and sharp 
red line, to which nearly the whole of tho intensity of tho coloured 

glow is due.This lino coincides with the one described 

by E. Bocquerel as being the most brilliant of the lines in the speo- 
trnm of the light of alumina, in its various forms, when glowing in 
the phosphoroscope.” 

In 18811 I again returned to the subject, describing a large 
number of fresh experiments; and I may add that the red glow of 
ainmina has been, ofl and on, a subject of examination with me since 
the year first named down to the present time. 

In the papers above quoted I gave as accurate measurements of 
the ainmina line as my instrumental means would then permit. I ^ 
have recently had occasion to go over these met8arement8*again in a 

• ‘PULTtsM..’ Fart8,1879,pp.660;66L 
t ' Aansles ds Ohimis et de Fhyilqne,’ vol 67,1869, p. 80. 
t ‘ Roy. Soo. Proc.,’ vol 82, pp. 206-808. 
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large apeofaoec o pe of veiy aoonrete oonatroction, and Uie renlta, I 
tbink, ate anffioiently important to be wortb bringing before tite notice 
of the Boyal Sooietj. 

The speotmm consists firstly of an exceedingly faint and hasy pair 
of bands; these are too faint to measnre, bnt ^ey appear to be in 
abont the same position as the bands 108^2009, and 2031~2075 in 
the spinel spectrum given farther on. Next is seen the oharaoteristio 
crimson line of tho alumina Hpootmm; this, when examined with a 
fine slit and high powei* eyepiece, is seen to be double, the distanos 
apart of the components being abont half the distance separating the 
D lines. Then come a pair of fainter and rather nebulous orange 
lines; beyond them is a dark space folbwed by a coutinnons speotmm 
extending to the green. The following are the measurements of the 
spectram:— 


Soak) of 
tpeotroseope. 

X. 


HenmA,. 

10 660’ 

6942 

0076 

Tlie flnt component of the double crimson 

10-MS 

6037 

S078 

The seoond component of the double crim¬ 
son line. Tliese hnes are nearl; as sharp 
at the oompononte of D. 

10-460 

6707 

2288 

Approximate centre of a narrow band,. 
snadmg off at each side. | 

10 400 

6608 

2207 

Approximate centre of a narrow band, 
shading oft at each tide. This band ia 
somewhat sharper sad brighter than the 
! one at 2828. 

10-860 

6611 

2867 

Approximate commenoement of the con- 
tinuona spectrum which extends into the 
grren, shading off too indefinitely to 


The accompanying ont (fig. 1) gives the spectrum drawn to the 
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It if known that spinel (magnesiaia alaminste) phosphoTeeoes with 
• red and shows a crimson line in its speotram.* On examiniu 
Iksi in Um high power speotoosoope the speotram of tiie light emitted 
and» the radiant matter teat ia seen to differ from that 
soitted bj ruby and alnmina under the same teat, and to oloeely 
q^prealmate to the description giren by B. Beoqnerel in 1859. 

speotmm first shows, in the extreme red, a faint double band, 
than a narrow crimson line, which, howerer, is not doable like the 
ahtmina line, neither is it quite so bright and sharp. Foar haay red 
bands follow, the fourth being wider and more indistinct than the 
others. Here the specti'am of most spinels fades away. Sometimes, 
however, a spinel is seen to glow with a greenish tint; in these the 
speotram ia the same as the others up to this point, and there is also 
•een a bright concentration of light in the given. 

The measurements of the spinel spectrum are given in the following 
table:— 


Sosle of 
•peetKwoi^. 

X. 

1 

Bcmarla. 

lo-eio* 

7096 

19S6 

Approximsto rominoncemont of first com¬ 
ponent of lU-deflned double band. 

10-606 

7068 

8000 

Approximslo end of ditto. 

10-680 

7017 

8031 

Cooimeuoement of ill-dcJlned second com¬ 
ponent 

10 660 

6948 

8076 

Kud of ditto 

10-616 

0857 

8187 

Centre of sharp enmson line. 

10 400 

6798 

8164 

Approximate coinmeneomi-nt of broad 
noxj band. 

10-460 

8707 

2223 

Bnd of ditto. 

10-440 

6683 

8830 

Commencement of second component of 

10-406 

6003 

8800 

£ndo^ditto. 

10-400 

6688 

2807 

Commenrouirnt of third component. 

10-880 

6666 

8387 

find of ditto. Thu band u somewhat 
sharper and hnghter than the other com¬ 
ponents of Ibu group. 

10-870 

6584 

8848 

Commencement of lourth component of 
ditto. 

Bnd of ditto. 

10'880 

8464 

8401 

0-780 

6641 

8867 

concentration in the green seen in some 
spinels. 

FoHtion of maximum luminosity of this 
oonoentration of light. From this point 
the spectrum appears to be oontiunons, 
shading off g^asll r towards the blue 
and Twlet. 

0-440 

5884 

8660 


The drawing (fig. 2) shows the spectrum, drawn to the scale. 


* X. BeoQnml, ' A nn sl e s de Chinie et de Fhysiqne,’ voL 67, p. 68 j W. Orookc*, 
‘ Bov. Soe. Pnw..* vol. 8S. n. 208. 
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Speotnun of Spin«l (UtgnMlnm Aluminoto). 


In the ‘ Comptos Rendne ’ fop December 6th last* appears a brief 
note by M. de Boiabandran, in which ho annoonoea, “ to take date, fKat 
alumina, eahin-^l and submitted to the electrical discharge in a vacuum, 
hat not given him a trace of red Jluoreecenee. This fluoretcenee, a$ weli 
as its special spectrum, shows itself brilliantly when the alumina contains 
y^th and even 0 / Cr,0, With the ®/ Cr,0, we 

sHU obtain very visible rose colour. .... Fromdhese observations 
the presence of chromium appears to he indispensable to the produelion of 
the red fluorescence of alumina." 

This statement being opposed to all mj experience, I immediately 
iostitnted experiments with a Tiew, if possible, to clear up the 
mystery. 1 started with alnmininm snlphate, which I knew to be 
tolerably pure, and in which oi-dinaij tests failed to detect chromium. 
On ignition and testing in the nsnal manner in a radiant matter tube, 
the alumina Imo was brightly visible in the spectrum of the emitted 
light. Different portions of this aluminium sulphate were now 
purified by various processes for the separation of chromium. All 
gave as a result the absence of this impurity. Tho most trustworthy 
process being that devised by Wohler.t I used it to purify the bulk. 
The salt was dissolved in water, and excess of caustic potash added 
till the precipitate first formed redissolvod. Chlorine was now passed 
throngh till no more precipitate fell down and the liquid retained a 
strong odour of chlorino. The whole of the chrominm would now be 
in solution, whilst the alumina would be in the prooipitate, The 
alumina was filtered off, well washed, and a portion tested in the 
radiant matter tube. It gave as good an alumina speotmm as did the 
original snlphate, the crimson line being very prominent. 

The olnmina thus purified was a second time dissolved in oaustio 
potash and submitted to the chlorine pnrifioation. Again in the 
radiant matter tube the alumina gave its charaoteristio crimson lino 
speotmm. 


• ‘ Comptsf Bsndns,’ voL X02, p. 1107. 
t ‘ Select Method! in Obenucsl Analyili,' 2nd edition, p. 124. 
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The filtrate from the alnnuna, whidi should oontam all the 
ohRnmtun present in the form of potassium obromate, was super- 
satvrated with hydroohlono acid aftd boiled till free from rolatde 
compounds Alcohol was then added, and it was agam 
boiled to reduce to the state of sesqniohlonde of chromium any 
acid which might be present Ammonia m excess was now 
added, and the whole was boiled, a very small precipitate of a browmsh 
colour fell down, it was filtered and washed This precipitate, which 
was not more than the TT^irsth part of the alumma from which it 
was denred, contained no chromium whaterer, it was too small m 
quantity to admit of a complete analysis being made, but all the testa 
which I could apply showed it to be a mixture of ftmo oxide and 
alumina 

One part of this precipitate waa mixed with 100 paits of the pure 
alumina from which it had just been separated, and the mixture was 
tested in the radiant matter tube Ihe phosphorescence was the same 
as in the two previous oxpenmenis, the onmson bne bung neither 
better nor worse 

I now prepared aluminium obromate, and teated its action in the 
radiant matter tube It waa almost black after ignition and refused 
to phosphoresce A mixture was then made of aluminium chromato 
and alumina in the proportion of one part chrouunm to 100 parts i f 
adnmuuum After ignition the colour of the mixture was almost 
white Tested, xt gave very poor phoephoresoenoo, the alumina line 
was faintly viaibk) 

Aluraimam acetate was mixed with 5 per cent of ammonium 
bichromate, ignited with sulphnno acid, and tested in the radiant 
matter tube There was no phosphorescence The same mixlnro was 
heated to a high temperature before the blowpipe, when it gave a 
very feeble phosphorescence but I could detect no lino in the 
spectrum 

Pore alumina was mixed with 5 per cent of ammonium biohromate, 
and moistened with sulphnno acid After ignition it phosphoresced 
with a reddish colour, and the spectrum showed a concentration of 
light in the orange but no alumina light was visible ihe tube was 
opened, and the contents heated to a very high blowpipe temperature 
la the radiant matter tube it gave the same results as Wore 

A mixture of 0 5 per cent ammonium biohromate, 10 per cent of 
lime, and 89 6 per cent of pure alumina was ignited with snlpbuno 
amd, and tested in the usnal way Ihe oaloinm brought out a trace 
of yttnum and samarium bands, but no enmaon line was to bo seen 

Alumna preoiptated from its ammoniaoal solution by boil ng was 
Ibund to glow with a green light in the vacuum tube and to give no 
onmson line in its spectrum The tube was now opened, and some of 
its contents removed and heated in a hot blast blowpipe to the 
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melting point of platinnm for nbont fire minntes. Be-teetad in % 
Taonom tube thia alumina waa Been to glow at the pointa and edgea 
of the Inmpa where the heat had been fleroeat, with a red lights 
giring a faint line apeotram. The balk of the maaa, however, gave 
out the original green glow. 

To get the crimaon line moat brilliantlj, it ia neoeaaarj to ignite the 
earth to the highest temperature of the blowpipe dune. With a 
slightly less heat the phoaphoresoenoe is not strong, and the line ia 
&mt. When the temperature has not been raised high enough the 
colour of the emitted light in most aluminas ia green, and no line ia 
visible; whilst the same earth raised to a higher temperature glows 
with a red light, and the red line cornea into view. The moat brilliant 
crimson line, when seen at all, has always been obtained when tiie 
alumina has been kept near the melting point of platinum for some 
time. 

Physical dilFerences, or perhaps even difference in molecular oom- 
position, also exert a great influence on the phosphorescence of 
alumina. In this connexion, I ask permission to quote a sentonoe 
from my paper of May, 1881, already mentioned Two earthen 
cmoibles wore tightly packed, the one with sulphate of alumina, the 
other with acetate of alumina. They were then exposed, side by side, 
to the moat intense heat of a wind^fumaoe—a heat little short of 
the melting point of platinum. The resulting aluminas were then 
tested in the molecular stream. The alumina from the sulphate 
gave the crimMon glow and the spectrum hue. The alumina from 
the acetate gave no rod glow or line, but a pale green phosphor- 
esoeuce." 

Experience gained in the yttria research has taught me that the 
possibility of the molecule of aluminium being composed of two or 
more submolccules, only one of which is capable of giving the crimaon 
line phosphorescence, must not bo overlooked. To test this hypo> 
thesiB alumina, as pure as I could prepare it, was submitted to thm 
separate processes of fraotionation, the operations in each case being 
repeated from twenty to thirty times. Alumina giving the orimson 
line always concentrated towards one end of the fraotionations, 
whilst at the other end the alumina sometimes phosphoresced of a 
green tint, and at others soaroely phosphoresced at a^ the orimson 
line being either very feeble or entirely absent in the spectrum. The 
earths were always ignited for the same time and, as nearly as 
possible, to the same temperature. 

In no case could chromium be detected at either extremity of the 
fraotionations. 

These experiments are perhaps too few to permit any important 
inference being drawn from them. There seem, however, to 1^ four 
possible explanations of the phenomena observed:— 



1387.] Prtunu. 81 

1 Th« cnmion hne u dne to ftlomma, bnt it la capable of being 

anppresaed by an aooompanjing earth which ctmoentmtm 
towards one end of the fraetionationa 

2 The orunaon line u not dne to alnmina, bnt la dne to the 

preaenoe of an accompanying earth concentrating towards the 
other end of the fraobonationa 

8 The onmaon line belongs to alnmina, bnt its fnll development 
requires oertam precantions to be obaorved in the tune and 
intensity of ignition, degree of exhanstion, or its absolnte 
freedom from edkalmo and other bodiea carried down by preri 
pitated alumina and difficult to remove by washing, expenenoe 
not having yet shown which of these precantions are essential 
to the fnll development of the crimson line and which are 
unessential 

4 The earth alnimna is a compound molecnle, one of its con 
stitnent molecules givmg the crimson Ime According to this 
hypothesis alumina wonld be analogous to yttna 

It IS not nnlikely that a chemist wishing to obtain alumina of 
exceptional parity might submit it to a senes of operations, skin to 
fractionation, which would have the effect of giving earths phos¬ 
phorescing either with a strong crimson line, or with little or no 
crimson line, and either of these samples of alumina might be looked 
upon by him as pure It is possible that some such explanation as 
tl^ may be at the bottom of the contradictory statements roapectmg 
the onmson line of alumina 


Presents, January 18,1887 
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Profeiaor STOKFS, DCL, Piesidcnt, m the Chan 

The Presonta reoeired were laid on the table and thanks ordered 
for them 

The Bight Hon the Lord Halsbnry was admitted into the Society 

The following Papers were read — 

I * Some AnoinalieB m the Wuids ot Northern India, and their 
Relation to the Distribution of Barometne Pressiiro ’ By 
S A Hliiii, B Sc , Meteoiological Repoiter to Government, 
Noith-Westun Provmcts and Oudh Communicated by 
H F BtANKOHi), I; US Mot<orological Reporter to the 
Government of India Received Taiiuaiy 8,1887 
(Abstract) 

In this paper the author points out that notwithstanding the great 
amount of light thrown upon the cironlation of tho atmosphere over 
Northern India by the accurate and interoomparable barometne and 
other obscrvationB mado at numerous meteorological stations dnnng 
the last thirteen yeara, theio are still some unevplaioul anomalies 
connected with the wind system of that part of the world Tho 
most important of these anomalies aro the following — 

(1) The winds of the hot season not infrequently blow against a 
rising barometne gradient 1 1> from places where the prossnie is low 
to otbeiB where it is higher 

(2 ) The velocity of the wind has little or no relation to the 
distnbntion of pressure, but inoresses and diminisbcs with the tern 
perature 

(1) An nnnsnal urcumnlation ot snow on the Noith west Himalaya 
danng the winter and spnng months causes, as Mr U F Blanford 
has shown unusually stiong diy westerly wii dsover tho plains during 
the succeeding summer, whereas tho high pre<)8iire at sea level 
ooeompanying cold over the regions to the north of India should 
give nse to costeily winds 

The paper is divided into thiee parts m which these thiee anomalies 
are diseassed in order The first part is m reahty a ti am of inductive 
reasoning which leads up to the hypothesis that the cause of the 
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•nonutlooB hot wmda is to be fooud, not m the distnbahon of prenure 
ftt the level of the plsms hat ui as mterohang^ between the lower 
atmospheric strata and those at high levels, effected throngh the 
medium of oonvectiou carrents set np by the dinmal heating of the 
earth s snrface when the sun shines This hypothesu was first pat 
forward hjKoppin to explain the dinrnal inequality of wmd velocity, 
and the author shows that in the diy season the vertical distobntion 
of temperature m India is such that convective action capable of 
producing such interchange must occur 

In the second part the diurnal sanation of the wmd velocity is 
attnbnted to convective inU i change and it is shown tliat probably the 
annnal inequality may bo explained in the same way the barometno 
gradients prevailmg at high levels between the plains and the moan 
tains to the north of India being subject to an annnal vanation 
dependent on tht temperature lo venfy the conclusions deduced 
from the convection hypothesis tht midday pleasures at‘10 000 feet 
above sea level have been oompnitd fur the mouths of January May 
July and Ottoiler from the bseirations of many years at forty 
stations anl the lesulhng values have been laid ddWn on a sot of 
charts another set giving tho distiibntion of pnasure at sea level 
and the pievailing wind directions over India The high level distn 
bntion of pressure as shown on tho charts is found to bo exactly such 
as would produce the < t served anomalies in the wmd direction and 
velocity Ihc charts also furnish reasons for the particular paths 
taken by the disturbanoes which bnng the winter rainfall of Northern 
India and by the cyclouio stoiros originating at different seasons m 
the Bay of Bengal the inle being that the stoim centre follows the 
line of lowest pressure in a stratum of the atmosphere lying above all 
local obstructions each as the mountain ranges m the mtenor of 
India 

The third pait of the paper is devoted to } roving that in years 
when the summer rams fail the gpadients for westerly wmds at 
10 000 feet ovti Northern India are intensified in the first place by 
the unusual cold over the North west Himalaya, due to the previous 
snowrfall and afterwards by the great heat of the plains which have 
not been cooled by the usual precipitations in June and July The 
evidence for this conclusion is not so clear as it might be, but it is 
shown that when the most trustworthy observations are compared 
the gradients fur westerly wmds at 10 000 feet over the Gangetic 
plains were veiy high in the remarkably dry years 1877 and 1880 
whilst they were veiy low that is to say there were gradients for 
easterly wmds over a great extent of the plain, in 1879 and 1884, 
which were years with excessive ram In the moderately dry year 
1883 there was a considerable gradient for vresterly wm^ bnt not 
nearly so gieat as m 1877 or 1880 
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Th« paper u lUtutntod by three platea, the fint ginng the eea- 
lerel dutnbntioii of preesore and the wind directions all ovei India, 
the second the distnbation of pressnre at a height of 10,000 feet, 
and the third the corves of temperature decrement on ascending, both 
SB given obeervation m Olaisher a balloon ascents, and as oompoted 
on the hypothesis of adiabatic oonvootion 


II “ Evaporation and Dissociation. Part V A Study of the 
Thermal Propeitioa at Methyl Alcohol ’ By Willum 
Ramsay, Ph D, and Std\sy Younq, D Sc Commumoated 
by Professor G G. Stokes, D C L , P.R S Received 
Januaiy b, 1887 

(Abatiaot) 

This 18 a oontinnation of the investigation in which the authors ate 

I ngaged The measurements inolndo the expansion of the liquid, the 
ptcBBure of the vapour, and tho comprosiibility of the substance in 
t'le gaseous state, and from theso are dednoed the densitiee of the 
saeurated vapour and the heats of vaponsation 1 he total range of 
temperature is from —15° to +240”, the range of pressure, from 

II mm to 60 000 xnm The oonclnsions announced m their previons 
papers aro supported by thoee measurements The apparent ontioal 
tempeiatnre is 240 0*, and the critical pressure about 59,700 mm 


III. “ Furthei Discussion of the Sim-bpot Observations made at 
South Kenangton ’ Bj J Norman Lookyeb, F.RS. 
Received Januaiy 8 1887 

In papers communicated to the Royal Society, and printed m the 
' Proceedings ’ (rol 11, pp 72 and 348, vol 32, p 203, and voL 33, 
p 154) the snn'spot observations made at South Kensington since 
1879 have been to some extent diaonssed 
In the last paper coramonicated to the Society, m May, 1886,1 
discussed the nsults obtained by the reduction of the observations of 
the most widened lines in the rt^ton F to 5 for the whole number of 
obeervations (700) made from November, 1879, to August, 1885 
In the latter paper it was shown that as wo pass from tho minimum 
to the maximum period included m the years named, the lines of 
known terrestnal elements disappear, their plsoes being taken by 
lines which do not appear in any maps or tables of spectral lines It 
was pointed out that such a result might be explained on the snpposi* 
taon that sinoe the solar atmosphere is quietest and oootest at the 
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dtmuniun period, the raponra of terrestiial elemente can exut then at 
the eon spot level and give eome of their oharactenstio absorption lines 
while at the more intonsely heated and much dutnrbed maximnm 
snn spot penod the vapours of totreatnal elements are dissociated, 
at the spot level and give vaponie which have no terrestrial eqniva 
lents 

Since last Maj the reduction of the observatums of the most 
widened lines m the r^on & to D has been contmned and the resnlts 
are given in the present communication Ihey strikingly confirm 
those previoaslj obtained The conclusions drawn in the previous 
paper are tlieroforo much strengthened by the evidence obtamed from 
this new region 

The obseivations referred to m the foimei paper were given in a 
senes of tables corrospondmg tables are given in the present com 
mnnioation so that a clear oompanson can bo made Tables A and B 
show that for each of the elements taken—iron and titanium—the 
number of lines seen in the aggiogaie in each hundred observations 
decreases from the minimum to the maximum penod 

Nickel was given m the previous papei but m this region h to D 
Thalcn only gives fli e Imes due to nickel and only one of these is 
found amongst the most widened lines and that only once in the fifth 
hundred 

Table C gives the lines recorded os most widened but not included 
as metallic lines by Angstiom or lhalen and it will be noticed these 
are recorded as most numerous at the maximum penod 

In the curves given in Fig 1 it is seen that tboie is the same 
rapid nee in the unknown lines to the third bundled the same gradual 
rise from this to the sixth hundred and then the commencement of the 
fidl, just as m the previous paper for the other region of the spectrum 
under observation 1 he curve due to iron exhibits an almost exact 
oomcidenoe with the one pievionsly published for the other region 
with the difference that in this part of the spectrum the number of 
iron lines is not so groat 

The titamum curve shows a sudden rise m the 6fth hundred One 
line (5226) was amongst the most widened no less than twenty two 
tunes, and it is a smgular fact that this hne was only record!^ as 
most widened on one other occasion (m the fonrth hundred) in the 
whole 700 observations Although at hrat sight this seems to be a 
result contrary to that obtained in the case of iron it should be 
remarked that this line is one seen in the spectinm of the spark and 
may be considered to be due to high temperature, therefore its 
appearance in the maximum penod was fully in accordance with the 
other facts adduced 

The reductions have been made and the tables preparol by Messrs 
'Mills, Spenoer, and Taylor 
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1887.] On a Penptehvt Mtcroteope 

Shelford (W ) and A H Shield On aome pointa for the considera¬ 
tion of Bnglish Engineera with reference to the Design of Oirdor 
Bridges 8ro London 1886 The Anthora 

Trois (Ennco F) Annota/ione sopra nn esemplare di Trygon 
Violaoea 8 to VettMia [188b], Considerasioni sul Dentex 
Ghbbosos Sro Fcaesut 188b Prof T B Jones, F B & 


Janvary 27, 1887 

Professor G G STOKh S, D C L, Prosidont m the Chair 

The Presents received vrere laid on the table, and thanli.8 oi derod 
for them 

The following Papers-were read — 

I “On a Perspective Micioscopo ’ By OEORor J Bubth 
O ommunicated by J Russfll Reynolds MD, PBS 
Received January 7, 1887 

(Abstract) 

In 1874 the author discovered a form of microscope giving constant 
magnification along the optic axis, so tliat objects were shown by it 
in microscopic perspective 

By writing for the distance between two thin lenses, 

he obtained for the formula of the system 

Ha-A(/i+H) 

u being the distance from the object to tbo first lens and v that from 
the second lens to the image 

Putting H = 0 in this equation three things result 

1 dv/du which represents the longitudinal magnification, becomes 
constant, namely —(ftlfi)* 

2 The lateral or angular magnification, is also constant, 

8 A picture of an object so magnified, drawn with the camera 
Incida, when viewed from a distance /«/fj times less than that at 
which it was drawn has the perspective belonging to an object 
magnified (/}//])* times 

The distance at which the eye must be placed is great but may be 
rednoed by employing three lenses, the distance between the first and 
TOt xui t 



50 Prof. G. F. FitBgerald. Ihi tk« [Jan. 27, 

Moond being and that between the aeoond and third 

(/j+/, + T»/*). 

If the lenses are nearly bat not quite in the afocal position, greater 
power and a wider field may be obtained, bnt it is at the expense of 
the penetration, which may, howeTer, with advantage be limited to 
the thiekness of the object. The instmmont offers great advantagi-a 
for artistic purposes, but lenses or mirrors of specially wide angle are 
needed for the farther development of the invention. 

The optical conditions of a system of two thin lenses at varying 
distance apart are shown by diagrams. 

In Diagram I the « and v of the formula employed are set off as 
ahsciBHce and ordinates, and the curves (which are rectangular hyper¬ 
bolas) drawn for several values of H. In the afocal position cf the 
lenses the curve degrades into a line which is a tangent to all the 
hyperbolas at the point (/i,/}). The locus of veiticos and locns of 
centres of these curves being straight lines, and the hyperbolas all 
touching the point (/],/*), it is shown that the principal foci, principal 
points, and equivalent focal length for any given pos^ion of the lenses 
can be found by rule and compasses, without drawing the curve. 

In Diagram II the actual position of the lenses, their principal foci, 
separate and combined, and the principal points, positive and negative 
(answering to the vertices of the curves in Diagram I), are plotted 
down as abscissai, the values of II on an enlarged scale being taken as 
ordinates. 

Diagram III shows the same for two lenses of equal focal length. 

Cumpanson of these two diagrams suggests the employment of the 
term “Pseudo-Principal Points” for those positions at which the 
magnitude of the image is in the constant ratio f^lf^ to that of the 
object for every value of H, inasmuch as the distance from those to 
the principal points gives the measure of the “ penetration ” of the 
system. 


II. “ On the Thermodynamic Properties of Suhetances whose 
Intrinsic Equation is a Linear Function of the Pressure 
and Temperature.” By Professor Georor F. Fitzuerald, 
M.A., F.R.S. Received January 11, 1887. 

Professor Ramsay has communicated to me that he and kfr. Young 
have found that within wide limits several substances in the liquid 
and gaseous states have the following relation connecting their pres¬ 
sure (p), temperature (T), and spooifio volume (v), 

p = oT + 6, 

where a and b are functions of v only. 
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‘Now ia this oaM ihe following are the forms that the thormo. 
dyaamio eqaationa assamo. T is temporatare, and ^ is entropy, and 
« and e are functions to be investi^ted, o being = dlJH, where 1 is 
the internal enmgy, and e = dljdv. 

Then 

, T d4> — e + (c + p)dt). 

From this, as de/ffr = dr/do, we have <^>/dT = e+pjT. 

Bat dp/iTI = a by the intrinaio equation, and is a fnnction of v 
only, .’.e=— 6 , which is a function of « only, de/dT = 0, 
. •. dejdM = 0, . •. is o a function of T only, and dl = c iTC + e dr gives— 
I =/c dT+/« dr = 7 + X., 

where 7 is a fnnction of temperature only, and X a function of volume 
only. 

Similarly, 

Td0 = cdf+oTdr; 

^. dti-adv, 

ii = r+-, 

where r is a fnnction of temperature and « of volume only. 

Hence we see that 0 , the apecifio heat at a constant volnmo, is a 
function of the temperatnre only, and the internal energy and the 
entropy can be expressed as tbe snms of two functions, one a function 
of the temperature only, and the other of the volume only. 

For the specific heat at constant pressaro we have— 

C = o+(s+p)^ 


'Ta'+ft'* 


where a's= da/dr and 


0-e 


Ta» 

'Ta' + b” 


b'= dbjdv, 


In the case of the particular values of a and 6 that Professor 
Bamsay has suggested to me, when the intrinsic equation assumes the 
form-— 


P 


BT M 
r—rj «■’ 


I 2 
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Mid when ooneeqncntlj 



wo hare 
and 



It wonid bo most important if by some method, Koenig’s for in- 
sbiiice, or by insertinff a smalt microphone into a tube, the velocity of 
Hontxl in substances in various states could be accurately determined, 
H8 that would enable ns to determine C and e separately. 


III. “On the Morphology of Birds” By Professor liV. K. 

PAnKER, F.RS. Received January 18,1887. 

(Abstract) 

IiUrodtutfary BemarJu. 

During the time that the special study of the development of the 
skull has occupied my attention, the rest of the skeleton has been 
neglected; it has, however, had its I'nltivatom in no small number. 

In a limited degree the skeleton has been worked out ly mo;—for 
instance, the shoulder-girdle and sternum in the Vertobrata generally ; 
in binls, the whole skeleton did at one time—a quarter of a century 
ago—take up much of ray thought 

The devploi}ment of the skeleton, generally in this Class, is a subject 
of great interest, and I am anxious to catch up all the scattered 
results that lie before me, of the excellent bnt extremely limited 
labours of other biologists 

I did begin the study of the development of the limbs, sternum, 
pelvis, and spine, in 1842, and some of the results will bo brought 
forward in the present paper. 

This will bo, 1 trust, but the first-fruits of my most recent work; 
for, during the long years that have elapsed since this research was 
fairly begun, { have lost no opportunity of laying up in store 
embryos and young of birds of many kinds. These stores, if well 
worked ont, will yield a series of papers like the one now offered to 
the Society.* 

• AlUiough I hare for msuy ye«* ps*t kept a register of the preeenti of 
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The Inhhography of my published papers on the Osteology of the 
Thorax partly and of the Skull lai^ly, w gi>en in the general 
Bibliographic^ List It has been neeessaiy to do this, as every serap 
and p^ of the older work is wanted, now that an attempt is made 
to build the old and the new into something like a strueture having 
form and fulness 

There are several things that go to increase the interest in the 
morphology of these culminating Sanropsi la at the present time 

—The diseovery by Gegenbaur, Huxkj, and others, of the 
close relationship of bir Is an I reptiles especially ot the i xtiaordinary 
faet that the hind limb and (lelvis ol even the me st minute bird pass 
through a stage in which they crrresponl aim st exactly with the 
hmd limb and pelvis of the most gigantic kinds of ixtiiiet leptiles— 
the Dinosaurs or OrnithoscMili la 

Secondly —The recent discoveries of biologists as to the composition 
of the Cbeiroptorygmm in the various types of air breathing Verte 
brata. It is now well kn iwu that the Jive Jin jpi I /ail and the / f 
With five Iocs are the spe laltsed modern representatives of hands an I 
feet that had at least given rajs in their eumposition 

And tkiidly —the stu ly of the dove lopment and general mnphvlogy 
of birds IS, at the present timi, of gieat interest,—now that we aie 
looking to the study of m fat irj/ost« for sime initial tluti latiun of 
the mystery as to the origin of the vaiious types of Vertel rata 

The labour of each suceeedtng day at this eulminating Class makes 
it more and more impossible for me to eoueeive of birds as arising 
direct from the Dinosaurians, or indeed from any other irdir or 
group of reptiles 

Long attention to the metamorphosis if the Amphibia has intensified 
this difiiculty to me, for the newly transfoimed frr g or newt a[ip«ars 
to mo to be the true counteipart of a newly bateho 1 rejitile—snake 
lisard, turtle, or erocodila 

ISaeh of these young c roatures whether it has un lergone a true 
metamorphosis or has been the subjeet ot pr nal d fransfurmation is 
evidently an tmajo, ulthough an imago that continues to grow 

Now each amphibian has its own I in a, foi the larvie of the various 
species have their speeifie differences 

The thousand known species of existing Amphibia—Amirans 
Urodeles, and Cascilians—and all the fashes that undergo metamoi 
phoBis, are as truly if nit as remarkably distinct from each other in 
their larval as in their imago form —as mnoh so as is the ease in 
insects, or any other of those invertebrate types that are truly meta- 
morphuj 

mxdenaU for this sod other psrts ot mj work I esnnot reproduce it here but must 
use thu opportunity of thanking a hostof kmd friends fur gifts whiUi m abundance 
and variety, are soinewhat embarrawing 
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If many of the existing Yertebrata are metamorphio now, ia it not 
very probable that they wore all metamorphio once f 

llie &ct that we have, even now, rach forms as the larval lamprey 
(or Ammocoeto), the larve of Ganoids and Dipnoi, and the tadpoles 
of newts and frogs, suggests to me the pfissibility of the existence of 
lingo swarms of low Proto-Vertebratain the early ages of the inhabited 
jilanet. 

If such proto-vertobrnte forms existed, then it is qnite snpposable 
til lit a motamoriihosis may, from time to time, have taken place, of 
this and that qaasi-larval form into archaic reptile, ancestral bird, or 
jirimitivo mammal 

I am not afraid that anyone familiar with the development, 
Ktrnetnre, and habits of the existing Amphibia will see any difficulty 
III the passage of a metamorphio into a Bo-called non-metamorphio 
tyjie, during time, and under the pressure of now outward conditions, 
—when tho dilemma ofierod to tho supposed low vertebrate was 
I'latuform or pertth 

To mo it seems that the creature’s necessity was ^Nature’s oppor¬ 
tunity; and that, during long ages, tho morphological force had 
accnmnlated in those low forms an onormons surplusage of nnnsed 
nnorgy which, in the ripeness of time, blossomed ont into this and 
tlrnt new and noble typo 

Of all the types of Vertebrata, there is none like the bird of high 
degroo for illnstmting what Professor llnsley calls ‘Hhe threefold 
law of ovolnlion,”* namely, overgrowth of some parts, starvation and 
even death of others, and fusion of parts originally distinct. 

No kind of vertebrate whatever presents to the ostoologpst so hope- 
lisis an enigma in the adult skeleton as that of the bird; in tho 
oicrgrowth of certain parts, tho almrtion or suppresion of others, 
and the extensive fusion of large tracts of skeletal elements. 

Hence this Class has largely acted nfion the morphological mind ; 
tho “ Comparative Anatomist ” has, of necessity, undergone evolntion 
into the “ Morphologist,” and the latter has liad to be refined and 
developod into the “ Embryologist." 

In the bird class we meet with this remarkable phenomenon, 
namely, that the swiftest creatures by far that inhabit the earth have 
had, for the purposes of tboir most consummate mechanism, the 
greatest loss of freedom of the individnal parts of the skidetal frame- 
woric 

Between the pigeon, on one hand, above, and the emen, on the 
other, below, there ore several families of related birds; but there is 
no direct superposition,—they are obliquely above or below each other. 

* Bee hu paper “ On the AppUcstion of the T^iwi of KvolnHos to the Amnte- 
ment ot the Vertebrata, and more aapeoially at the Mainmaha ” (‘ ZooL Boo. Proo.,* 
Devmber 14,1884, pp. 640-662). 
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Amongst the Carmatas, which he m the intennediate space, there 
u none better for the pnrpoHes of study than the common fowl, to 
this type I hare devoted most attention, and have now worked oat 
the limbs in as many stages as I formerly did the skull 

I oan now gne an account of the varlelral eolamn with ih« ubt and 
tttimun the Utnb gxrJlen and /»m6# from the end of the seventh day 
of incubation by which time the hyaline cartilage is pci feet, and 
certain oven of the bony traits are begun 

The fowl 18 an intermediate form between the emeu and the pig>>on, 
bat most akin to the latter I shall now confine mysilf to what is 
seen in the development of the skeleton (excluding the sknllj lu this 
medium typo 

The vertebral column at the end of a woik s incnlrvtion is formed 
of hyaline cartilage, np to the end of the true sacr ils the notochord 
IS completely invested with cartilage bnt, behind those four segments 
only at the sides 

The notochord has its constrictions in the middle of each centrum, 
and IS most dilated at thi intercentra 

The neural aiches do not nearly meet above the atlas is in four 
pieces—a superficial and an inner piece to tbo oentmm and a p'tir of 
arch rudiments, the inner segment of the contmm becomes the 
odontoid process of the cuts 

Between the axis and the first true sacral all the vertebre have 
separate ribs m the i ervu al region, except mar the dot sal region, 
there are small styloid cai tilsges lying horisontally, which have their 
head or thick eu^ wedged in Iietwcen the upper an 1 lower transverse 
processes Neai the dorsals they are transversely placed, and then 
begin to develop a doscen Img process 

The hrst vertebra of this stage with complete ribs becomes, by 
absorption of the lower part of the arch the last cervical in the 
adult Behind the twenty pre sacrals there aio fifteen sacrals, and 
this senes has its subdivisions 

The first dei elops ribs (it is dorso sacral) the nozt three develop 
minute bnt distinct nbs, like those near the low er part of the neck, 
these are lombo sacral Then como the four sacrals with no ribs, and 
then the seven mo sacrals the first two of which have nb bars that 
ossify separately, below the upper transverse processes, which latter 
form a complete senes from the third cervical to the last free caudal 
segment 

Of those there are five then come five more paired impeifeet rudi¬ 
ments, clingmg to the terminal part of the notochord 

At the end of the 8th day there are stx of these, with the last elon¬ 
gated, and the notochord projecting bebmd far enough for throe or 
font more rndiments 

At the end of the 10th day the vertebral chain has undergone a groat 
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change The atta* le ettll composed of four distinct pieces of oar. 
tilages, bnt the nbs have become fused above and below with the 
transverse processes, and the notoehord is now most constricted at the 


Besides this, in the pre sacrals, it is constnoted in two places within 
each centrum, so that each centrum in the modem bird corresponds 
to three subdivisions of this axial chord 

Foi two 01 thi c days there is evidence of an archaic subdivision of 
the notochord into three times as man/ vertebral divuions as are made 
now in the modem bird 

In the sacral the constrictions are fewer, they are only at the inter, 
centra, and in the middle of the ceutinm 

The only absolutely nccessaiy pait of the sternum is that where the 
sternal are attached, that is a veiy small part, and the rest is 
for the attachment of the huge muscles that act upon the wings, and 
for the obliqui and rcch ahdomxms 

The limb girdles are each in thne pans of duUnet eartxliges In 
front, the scapula, the mmule pre ooracoul, the coiacaid, behind the 
ilium, pubis and ischium, tho pte-puhix w pnrtoi the ilium, and that 
has two regions the pie ilium and the post ilium 
These paits in tho bird are not continuous tiacts of cartilages, 
OBsihed by several centres, but ate distinct, first ns oartilnges, then 
as biny tracts, those of the thixUder keep distinct, those of the kxp 
soon coalesce 

Tho wings at the end of the 7th day are three.toed webbod paws, 
with all the digits turned inwaids Ihc lods that compose the mam 
part of it aio composed of solid cartilage , the humums, lodius, ulna, 
and Ist and 2nd metncmrpals have a bony shoath lound their middle 
part, tho ends of the digits and the oaipals are but partly ohondnhed 
Pitw carpal nuclei, howevoi, can bo made out, and the two proximal 
nuclei aio known to be fnitber subdivided, each into two, in other 
typos, henoo we can already acoouut for seien oarpuls lu the bud, 
which has only two in the adult, in a free state 

Moreover, the 1st digit has two, and the 2nd three phalanges, the 
normal number, as in lisards, tho 3rd, which should have four, but 
in birds has as a rule only one, has now two, as in the ostnch, and a 
few other birds, there is no sign at the end ot the 7th or even of the 
8 th day of moubation of any more than three digits, but we have in 
tho wiidt an xtUsrmedw radxalr, a centralo ulnare, and thice distal 
oarpals, answering to the three developed motacai pals The digits 
up to the end of the 8th day aie ronnded and flattish, and are quite 
like those of a yonng newt or frog But in two days more, at the 
end of the 10th day, tho wing has almost acquired the adult form, 
and one more bony centre, that of the Ist metacarpal, has appeared. 
The overgrowth of the Sud distal carpal and the 2ud nletacaipal, 
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with ita large and dilated digit, has arrested the distal carpal of the 
let or short digit, the “ pollex " This u the last nnclons to obondnfj 
It is still a vety small, bmpct like disk of cartilage, and is now onlj 
to be seen on the flexor face of the manns, inside the top of the 2nd 
metacarpal, the distal cat pal of the 8rd ray is also small as compared 
with the large crescentic ind distal nucleus It is thrown on to the 
ulnar or outer side of the manus, bj the orergiowth of the middle 
rod and its carpal The carve of the digits at their end is now, nut 
mwards, or to the radial side, but outwards, and the two developed 
distal segments form now the core of two claws, that of the farst, or 
pollex, being of considerable length 
Thus, by the end of the 10th day, the reptilian type of foie.foot 
has been attained, and the amphibian type lost, whilst the limb as a 
whole IS now a fore leg no longei, bnt a u tng, thoronghly specialised 
by evolutional transformation 

Tho fore limb has not simply become modified into a wing by the 
shortciimg of thu pollex and drd ray the enlarge ment of the 2nd, 
and the abortion of the 4th and 5th of a foie paw, like that of the 
lisard, but we have now the huttrvuil rej reseiUiti.it's of tlireu moie 
rays which have cropped up since tho end of the bth day 
I have repeatedly noticed that aborted parts, like overshadowed 
plants, arc late to appear, and soon withei, or arc arrested in their 
growth This is the case licio, for the new rijs are Ute small, and 
scarcely functional in the fnllcst development They are not lost, 
however, bat, like ciitam larval stinotnrcv to be found in the skulls 
of the highest types of birds, they aie built up into the tinished wing, 
altliougb they form an unimpoitant part of it as far as fuHctimgoea 
The hist of thoso additional lays is the ‘ prc-poliex, this is a 
lunate tiact of fibio oattilagu attached to the mnei face of the 1st 
metacarpal Ihe uthoi two aie oomposed of true byaliiio caitilage, 
and appear, one on the ulnar side of the 2nd, and the other on the 
nlnar side ot tho 3id dovcloped metacarpal 
I have described them as tiUercalari/ mctaoarpals, for they seem to 
be the starved twins of the 2udand bd large rays each distal carpal, 
very probably, in the aiohaic forms earned two lays Thus there is 
supposed, fui such a fore limb, a digit inside the pollex of the modem 
bird, and then two pairs of rays, of which only the *nnet m each case 
has been letaimid 

The paddle oi lehthyosaunu shows this kmd of primitive cheiioptery. 
gram, admirably 

Thns we can aoconnt foi seven oarpals and six digits in the wing of 
the modem bird, in the logs tho specialisation is not so intense, but 
M very great, the study of the embryonic stages shows in it many 
parts that the adult bird gives no signs of whatever 
Instead of there being even two tsrsals, free and fanctional, there is 
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only one, and tliat has merely the fanotion of a “ seeamoid," and has 
been mistaken oontinnally for a bone of that sort; thatnnoleiuaoswaii 
to onr navtcidare, morphologioaliy termed the “ oentrale.'* 

Notwithstanding the extreme diversity in the habits of existing 
birds, and the groat difforonoe seen in their shank bone, this part is 
always single, althongh composed of throe metatarsals. As in reptiles, 
the joint at this part is not between the astragalns and tibia, as in 
mammals, bat through the tarsal series; no sign of this strnotare is 
seen in the adult bird. That which appears to be the condyloid end 
of the tibia is a row of tarsal bones, the tibiale, flbnlare, and inter- 
mediam; these have long been known as separate bones in young 
birds, bat their distinctness in the oarly embryo as cartilagmons 
nncloi has only lately been made ont. 

I have been able, however, to demonstrate this repeatedly in different 
kinds of birds. The oentrale also, althongh seen in the embryo as 
one of the tarsal scries, was not properly identified; it is a constant 
element, bnt becomes degraded 

The distal series of tarsals exists as a single tract qj[ cartilage, and 
then as a single plate of bone. Bnt it is related to three metatarsals, 
and the middle or thick part is the first to chondrify in the embryo, 
and to ossify in the chicken or young bird; there are here thm 
oonnaU nuclei, with very slight signs of distinotnesa The whole 
mass answers to onr middle and external " cuneiform bones,” and to 
the inner half of the ” os magnam.” Thus fire tarsals can be always 
made out clearly, and two more accounted for. 

The Ist metatarsal, which has been known, for some time, through 
the valuable researches of Morse, to have occasionally a proximal os 
well as a distal rudiment, has, I find, alwayi a proximal rudiment as 
well. 

Then, as Dr. G. Baar and Miss A. Johnson have shown, there is a 
fith metatarsal; it is a small pisiform cartilage, which soon coalesces 
with the 4th, and with the great distal tarsal. I can only find a 
“ pre^hallnx ” by turning to Teratobgy, and this is not the lawful 
method. 

There may, however, be some “ reversion ” or “ atavism " in the 
polydactyle foot of the Dorking fowl, which has a well developed 
“pre-hallnx” and a doable “liallux;” the twin digits of that part 
have a very ichthyosaunan appwranoe. 



1887.] 




.<59 


Pretentt, Jmuaty 27, 1887 

TnnMLotioiM 

Baltimore —Johns Hopkins University Circulars Vol VI 
No 54 4to Baltimore 188b The University 

Cambridge —Philosophical Society Pioceeilings Vol V Pait6 
8 vo Com In t lye 188b The Society 

Florence —R Cumitato Qeologico d It ilia Bollettino Anno 
188b Nos 9 10 8vo Rom» 188b The Committee 

Geneva —Tnstitut National Oonevow Mi moires Tome XVI 
1883-8b 4to Oem-vr 18S6 The Institute 

Innsbi nek —1 ei dinandoum fur Tirol und Voi ai Iht rg Zeitschrift 
Folge 3 Heft 10 bvo InmhruJe lB8b, huhtor durcb das 
Tiroler Iiandes Museum 12mo Intubrucf 188b Dio Qcmalde 
Sammlung des hcidinaudeums 12mu Linth u h 1886 
Katalog der Geiraalde Sammlung im Iiroler LinJes Museum 
12mo Jatuhniek 188b Tbt t cnlinandenm 

Ijondon '—Qnckett Microscopical Club Jonmal Junnaiy, 1887 
8 vo I/O idoA 1887 1 he Club 

Royal Asiatic Society Jonmal Vol XIX Part 1 6vo 
London 1887 The Society 

University of London Accessions to the Library I87b-8b 8vo 
London lb8b 1 he University 

Vienna —Zoologisoh Dntanisohe GeseIl<iohaft Verhandlungen 
Bd XXXVI Belt 3-4 8vo ITien 188b The Society 

Zuneh—Naturfoisehende Ge<>ell8ehsft Vierteljahnchi ift Jahrg 

XXX Hi ft 1-4 8vo Zuiwh 1885 Jahig XXXI Heft 1- 
2 8vo Zurich 1886 Neujahrsblatt LXXXVIII 4to Zurich 
1885 Ibe boeiety 


Observations and Reports 

International Polar Lxpeditions, 1882-83 Expedition Danoise 
Observations faites & Godthaab Tome II Livr 1 4to 
Oopenhague 188b 1 he Meteorological Office 

Kiel —Commission snr Untersuchnng dor Dentschen Meere 
Ergebnisse der Beobaehtungsstationon Jahrg 1886 Heft 1-3 
Obi 4to Berlin 1887 The Commission 

Madras —^Meteorological Department, Government of India 
Report 1885-8b 8vo Madrae 1886 1 he Reporter 

Pons —Bnreaa International des Poids et Mesnres Travanx et 
M4moires Tome V 4to Pant 1886 The Bnreaa 

Dep6t des Caites et Plana de la Marine Annales Hydro 
grapbiques 1886 Semestre 2 8vo Porw 1886 The Depdt 



ObciorvhtioaH, Jlo. (eon(inurd). 

Wwhuigton:—U. S. Naval ObBervaiory. Beport, year ending 
June 1880. 8vo. fFa*Atnffton 1886. The Observatory. 


Jonmals. 

Astronomiflclie Nachrichten. Band CXV, 4to. Kiel 1886, 

The Editor. 

Ballettino di Bihliografia e di Storia delle Soienie Matematiohe e 
Fisicbe. Febbraio, 1886. 4to. Jtoma. 

The Prince Boncompagm. 

Canadian Rocord of Science Vol. IT. No 5. 8vo. Montreal 1887. 

Montreal Natnral History Society. 
Horological Journal. Vol. XXIX. No. 341. 8vo. London 1887. 

The Horological Institute. 
Meteorologische Zeitschrift. Jahi^g. 3. Heft 12. Deeember, 1886. 
Small folio. lierUn, 

Meteorologische Centralanstalt, Vienna. 
Mittlipilnngen ana der Zoologiachen Station an Neapel. Band VII, 
Hoft 1. 8vo. Bet tin 1886. The Station. 

Natnralist (Tbo) No. 138. Bvo. London 1887. The Editors. 
He vista de los Progrossos de las Cieucias Exactas, Fisioas y 
Natnralcs. Tomo XXVII. No8.7~9, TomoXXlI. No. 1. Svo. 
Madrid 1886. Academia do Ciencias. 

Bevista do Olwervatorio. Anno 1. Numero 12. 8io. Eio de 
Janeiro 1880 The Imperial Observatory. 

Timehri. Jouimal of B. Agricnltnral and Commercial Society of 
British Guiana. Vol. IV. Parts 1-2; Vol. V. Part 1. Svo. 
Lemrrara 1885-86. Mr. E. P im Thum. 


Andrews (T.) Effect of Temperature on the Strength of Railway 
Axles Part 1. [In manuMeript ] Folio. 1886; Volume of six 
excerpts on the CuiTOBionofMot^B in Sea-water, &o. Svo 1875-85. 

The Author. 

Klein (Sydney T) Hunting among the Lepidoptera and Hymen- 
optera of Middlesex. Svo. Bath 1887. The Author. 

Mouohketuw (J.) Turkestan: a Geological aud Orograpbiuol 
Desoription from Data collected 1874-80 (Buss.). Vol. I. Part 1. 
Large 8vo. 8t. Fetenbwg 1886. 

Comitd G6ologiqup, St, Petcrsbuig. 
Olsen (0. T.) The Fisherman’s Nautioal Almanac. 1887. Svo. 

Oriotely, The Author 

Prince (C. L.) Observations upon the Climate of Uokfield, 1843-70. 
Second Edition. 8ro. Leice« 1686. The Author. 



On th« Computation of eorUdn Harmonic Componmtf, 61 


“On the Computation of the Uarmonio Components of u 
Series representing a Phenomenon recurring in Daily and 
Yearly Perio<la ” By Lieut.-Oeneral R STRA.OHRT, R.E., 
F.R.S. Received April 15,—Read May 13, 1386. 

1 . 

Following the notation commonly need, the general expression for 
the harmonic oompcnenta of the snccensivo terms of a series repre¬ 
senting a periodically recurring phenomenon, observed at equal 
interv^s of time, is— 

*» «»-hpjC 082 nji-|-g 3 Sin 2««-|-4c., 

where «* is the observe<l value of any term in question, 

a is the angular equivalent of the time interval between the 
observations; 

n is the number of intervals from the oommencoment of the 
period to the time when the term o, occurs; 
pa is the mean value of all the terms for the whole penod 
Then if A« represents tbo sum of the terms in the above series which 
involve na, 

B, the sum of the terms involving 2ni, 

Ca „ „ 3nr, &o., 

Ua = Po+Aa-hBa + Ca + Ao. 

Computation for a Daily Period 

2 . 

For a daily period of 24 hourly intervals a = 15°, and consequently, 

Aa = A«^n; 

Ba = Ba+W = —Ba+» = —Ba,.||i; 

Ca = Oa+B — Ca^iB = —Ca^ = —Ca^U = — Ca+n; 

Da=Da+* = = Da^-ia = —Da+J = ~Da+i = —D,^U = Da^U ; 

whence, disregarding the terms involving multiples of a greater than 4n«, 
da = <*a—fla+H = 2(Aa + Ca), 
and 

9n da“da+4 + da+B = 2(Aa—Aa+i+Aa+a) + 2(Ca—Ca+i + Ca+i) ; 

but 
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A. = pi COB (n. 15") + Bin (n. 16"), 

A,+4 = Pi oob (n. 16"+60®)+ain (». 15" + 60"), 

A<+t = i>i COB (n. 15°+120") ain (n. 15®+120®), 

and therefore 

A« —A,^.4+A,44 = 0. 

Wherefore 

On = 2(0.-C.+4+C^) = 6C.; and C, = *0^ 

and A. = Jd»-i<?,. 

In like manner, 

Si, = flu + OiHH = 2(po + B, + D,), 


S, = S,-S*^ = 2(B,-Bm+*+D.-D,+ 0 = 4B,; and B. = ^2., 

alao 

= Si4+S«+4=: 2 (pq+Bi,+Bi,+#+D,+D*+«) * 2(po+2Da), 

and 

ffa+l* S|^.• + S■4.• = 2(po—2D»), 
whence • 

6D.; and D, = 

The Rnccesairo valnoB of A, B, 0, and D, thua obtained will give 
with a cousiderahle dogree of aconracj, the p q coofficienta, and the 
entire seriea of harmonio components of the observed qaantities. It 
will at once be seen that— 

Ao=j>i; Bo=p,; Co = p,; Do=j»4. 

= 2i; B, = 2,; C, = 2,; Di+D, = 2 Bin e0q^ = lq^, nearly, 
and Pi = H-K; 2 i = K+K- 

Pj=i*o; = 

Pi = i®o ‘**+^s) 51» *= = A(4i—*^+<*io)- 

j»4 = A(«b“<'i); 3* = tV('i+»»--'*-» i)* 


( 1 .) 
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3. 

Tho eqnationa involving; the hannomc ooeflScienta, arining (horn the 
■eriea of observed qiiantitics, are nsaally solved according to the 
method of least squares; aud, writing for (dj—dn), and for 
(di+dii), and so on, tho resalting values oi p q thas obtained are as 
foUowB:— 

Pi = -i'j{di+Ai8inr5+Ajsin60+A3sm4.'» + A4sin30 - 
+ A|8in 15} 

s= i’, {dj+sin 15+sm 30+sin 45 + sin 60 

+ *5 sin 75} 

Pi = i'»{So+(Si-2,) sin60+(23-2,) sin30} 

3j = *{S8+(2, + 2,)8in30+(2,+ 2,) sinOO} ^ (2.) 

Pi - i',{flo+(®i-®j)'‘'“'*5} 

3a = T»r{®j+(^i+0a)«“^} 

P* = iV{V'o+(V'i-^'i)®'o30} 

34 = Vf(V'i+V'i)Bm<}0- 
To these may be added 

Pi = Vild^j+Aisin 15—A, sin 60—A, sin 45 fAisiuSO 

+ Ajsin 75}, 

g, = iV{dj+ii8in75 + ff,8in30—3j8in45 —S,Hin60+^,8inl5}, 

Po = A{2 o + 2,-2,}, 

3. = A{5i-23 + S.}. 

p,, — i^{d^—AisinlS—A2Bin60+A,8m45+A,Bin30 

—A, sin 75}, 

37 = i*f{—0j8in45 + l!,8in60 

+ <,Binl6}, 

J>8 = t’t{('^o+'^8)-(»i+<'j+" 4+»») Bln 30}, 

38 = I’i { (•'i+<'i)—(•'3+<'t) } ““ 60' 

4. 

The valnes of the p q coe63oients may, however, be obtained 
otherwise, in a form which is somewhat simpler for computation, and 
not sensibly less accurate. 
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Smoe A, = p, oos wl 6 ®+sin nl5*, 

Ao=Pi, and = ?i, 

and pntiing [Ai, A,] for tho snm of tlie senes of quantities A| to A« 
and [oos 75, cos 13] for tho sum of cos 75+co8 60+cos45+co815 it 
follows that 

[Aj, A,] = Pi[oos 75®, eo* 15®]+5rj[8m 15°, sin 76°], 

[A,, A„] = —p,[oo 8 16°, cos 75°]+grj[ 8 in 76°, sin 16“], 

and 

Ao+[Ai A,]-[A 7 , Ay] = pi{l+2[sml5°, sm75“]} = 7 595^, 

A. + [Ai, A 6 ] + [A 7 , A„] = 5 ,{l + 2[sml6°, sm75°]} = 76956gi 
In like manner, 

R„+[Bi+B 1-[B,+B,] = p^{l+2[Bm OO + BmCO]} = 3 732pj 

B, +rBi+B,] + [B 4 +BJ = g {l + 2[sin30+sin 60]} = 3 7323 j 
ro+C,-Ci = p,{l + 28in45°} =24142p„ 

Ci + 0, + Cj = g,{l+2 wn 45*} =2 414253 , 

Du+D, —Dj =p 3 {l + 2Bin30} = 2p^ 

D^+D^=q^ 28 in 60 = 1712131 

Sobsiituting for A, B, G, D, their valnos in terms of d, A, t, do, 
we have— 

7 506(51, = i{do+[A„ A,1 f *(<?„+O 1 -O 3 )}. 

7 5956gi = «,]-*f0i + ‘^«+<>»)}. 

3 732p, = i{2o+[Sx+i3]-[24+2,]}. 

3 73233 =i{2a+[2i+23] + [ 2 *+ 2 ]}, 

2 4142p, = *{ 0 e+ 0 i-»,} = i., 

2 4142g, = i{O,+03+OH}=iA 
iPi = Hlf'o+lP'i-V'*}. 

1 78213* = 

And 
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p, ^ •06688{di,+CAi, A,]+i.). 
g, «-OWSSK+C*!. ttl-ifih 
p, = •06699{Xo+[2i + 2,]_[si+S,]}. 
g, -r •06699(2,+ [Si+ 2,] +[2,+2,]}. 
ft « •06904{6o+6i-6,} = •06904{K+A,]-.[A„ A,]} = 
g, = -oegciiOi+ei+o,} = ■06904{[ai, ai,3-[«,+<y} = a 

J>4 = 

g,= ■07217(^1+^,}. 

The expreiaiona before given forp,. g„ and ft, g,, are very readily 
oompntod, the mnltiplier for g,.-^sin 60 = *07217, being the same 
aa that for q^. 

The computation of p^, g„ and ft, g^, may be rendered aomewbat 

f. = *(%+A,)+-102 (A,+A,)-Pi, 
ft = TV(2d;,+A*)+-059(A,+2A,-A,)-ft, 

3i = *<2d,+a,)+*102(8i+a,)-gi, 

27 = -A(2^,+«,)+ 059(«i-2a,-a,) + 5,. 

6 . 

Aaenming that the probable errors in the observed quantities are 
all equal, and that (o) represents the error in a pair of observations 
combined (corresponding to the quantities (d) and («)), then the 
probable error of all the p, q ooefiBcients calculated by the formulsB 
(2) will be T<r •« = -204 e. 

The prol»ble errors, caloulatod in the manner now proposed from 
equations (3), will be,— 

Probable error of Pi or g, = *06583 /(12). e = *238 e, 

„ ft or g, = *06699^(10) . e = 212 e, 

„ Pi or g, = *06904^/(9) .« = 207 e, 

« P* =rW(X2)o = 216«, 

„ g, = 07217v'(8).e = 204 e. 



TOl. XUL 
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Tbe retnlti obtained by the two methoda of oalonlation will there¬ 
fore have no eensible difference of acooraoy, and aa the method now 
propond ia believed to be both simpler and less liable to arithmetical 
error it may withont objection be preferred. The preliminary com¬ 
putations on both systems, consistingp of combinations of the observed 
quantities addition and subtraction, are identical up to a certain 
point, but the formnie (2) involve more frequent use of tables, and 
greater ohanoe of error iu algebraical signs, in the final operations. 
It may be added that much additional labour ia often needlessly 
created by employing the hourly differences from the mean value, 
instead of the hourly values themselves, which are obviously sufficient 
for the computation of the ooefficients. 

The prolmble errors of the values of the coefficients obtained from 
the equations (1), will be sensibly larger than those above stated, and 
on the same assamptions will be as follows:— 

For Pi and gj = ^ ^(3) . e = ‘hlle, 

„ ft and g, = • r = STle* 

„ ft and g, = ^y(3) e= 289i*, 

„ P4 =i « = 250e, 

•> 54 =|>/(2 ).c= 202e 

The probable error of a pair of observations being rather less than 
|th8 of that of a single observation, the greatest possible error of the 
coefficients thus found will only be about ^gths of tbe probable erroy 
of one of the original observations, and when great precision is not 
aimed at the results thus obtained may suffice, and will not be found 
to differ materially from those got by the more tedious methods of 
cdoulation. 


If the original esprossion for the value of a» is transformed into 
the series 


*» — Jb"!" 1*1 (sin f»*+Tj)+Pj (sin finr+Tj) + ifco., 

it follows that Pj = v/(ft* + gi*); tan Tj = pj/gj, and so with all the 
other terms of the senes 

The most convenient method of rompnHng the valnes of Pj and Tj 
is as follows 

log tan T =: log p—log g; 
from this log sin T may at once be obtained, and 
log P =p—log sin T. 
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TIm qoadnmt to which tfa« aagle T belonga will depend on the 
•Igelmieal signi ot the ooeffieienta p q, end the following teble (in 
which f ii the angle oorreeponding to + p, +q) ehowa the oaaei that 
may ariae. In it are alao bdioated the poeitionB of the earlieat 
of the several harmonic components. 



Value 

and pontion 

r. 

Position of earlioat ma 

.nmum of components. 



Fint order 

Hooond order. 

Tliird order j 

Fourth order 


+f 

T-# 

(CtoOCf 

- 90°-f 

0°to90° 

/i.,-46°-|/ 

0°to46° 

i»,-S0°-lt 

0°to80" 

0°to 221° 

-f 


T-tao-< 

270* to 360° 

/i,-90°+< 

00° to 180° 

45° to 90° 

80° to 60° 

22i 0 4fi‘ 

-p 

-f 

T-180 + < 

180* to 270" 

>,-270>-« 
laor* (c 270f* 

90° to 135* 

ft-90°-i< 

60° to 00° 

^4-671°-It 
4B° to 671° 

*p 

-f 

T -180-* 

90° to 180° 

>.,-270° + < 

270" to 300° 

rt-186° + t< 

m* to 180" 

fh,-o<f+K 

00°tol2(f 

><4-071°+It 
671" to 90° 


7. 

The foregoing discussion assumes that the series of quantities dealt 
with is truly recurrent, that is to say, that the 25th observation will 
be exactly ooinoident with the 1st, or Og = a^. In fact this will rarely 
be the case, and it becomes necessary to ascertain what effect any 
Don-periodip change, or want of coincidence between the beginning 
and end of the series will have on the values of the several p q 
ooefilcienta. • 

In the absence of any knowledge of the law which determines sneh 
a non-periodic change, it may be assumed to be uniform for the 
period over which the observations extend. Further it will be con¬ 
venient to refer the change to the middle of the period, or to the mean 
value of the senes with reference to which the periodic variations are 
being considered, so that the'non-periodic deviations will be equal 
and affected by opposite signs, at equal intervals on either side of the 
middle of the peri^. 

Henoe assuming that 2c is the whole non-periodic change with its 
proper sign, so that Oo+Sc = Ugi, the correction of any observation 
On in erdav to eliminate the non-periodic change which affects it, will 

v 2 
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be and tbe oorreoUona of tbe qnaatitiee i, 9, X, mad ^ 

are all equal to +0, thoae of A being 0, and of I being +2a 

Tbe oorreetion for tbe mean Talne j>o will be ^e. This is equiva¬ 
lent to oalcnlating tbe mean for the 24 boars, 1^ adding toother 
half of the Ist and 2£th observations and tbe whole of tbe 23 inter¬ 
mediate ones, and dividing tbe sum bj 24. This mean will corre¬ 
spond to the middle of the series, noon. As oommonly oalonlated the 
moan ooiresponds to half an honr before noon if the series is supposed 
to begin with midnight, and to half an honr after noon if it begins 
with 1 A.H. It is to be regretted that meteorologists have not jet 
adopted any uniform system in those rospoots. 

The correction for the p 9 coofficionts as determined &om the 
eqoations (2) will bo as follows:— 


For 3 i... 


.. ?»••• 

. +-3I1C, 

.. ?s... 

. +-201C, 

>• 54 • • - 

. +-144<t. 

S'or the ralues obtained from 

Forpo .. 


,, Pi-- 

,. -f-fjx-06583, 

„ Pj.. 

.. +0X 06699, 

« Fs" 

.. +CX-06904, 

» P*-- 

.. -I-tV- 


For jfj +'1126^ 

,» J*. +'083<>, 

» J:. +-06ie, 

.f ?». +'048c. 

oqnations (3) they will bo —* 

For grj... +IO0X -06583 = -eSSs, 
„ 3,... + 5ox-06699 =-3350, 
„ jj...-h Sox-06904 =-2070, 
„ 3*...+ 2ex-07^17«-1440. 


8 . 

As it may happen that tbe valnes of the initial observation and of 
that corresponding to the hoar immediately after the end of a series 
of mean hourly values, ore not known, an approximate valne of 8e 
may bo obtained cither graphically or by oaloalation as follows:— 

If the mean values for two or throe hours preceding midnight, say 

* Ai the multiplien are hero the tame a* thoie whioh enter into the expreesiona 
(S), the oorreotioni vamj most oonTonientfy be applied to the qnanUUss within the 
hiaokeU in those exprewions. 
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fiom 21 hoan to 23 hours, be laid down graphioallj', and to the right 
of them the mean values from 0 hours to 2 hours, the ordinate of 
0 hours being mode coincident with that of 24 hours, the onrres drawn 
through the points thus fixed would, if prolonged to moot oiio 
another, be continuous if there were no non-periodic disturbance. I f 
they are not thus continuous half tho distance between them measured 
on the ordinate of 0 hours will be the quantity e. 

The yalne may be obtumed by calculation,, perhaps with less 
trouble. Aasuming that the third differences of the quantities (a) 
will vanish, when freed from the non.penodical variation; and that 
the oorreoted senes of observed values immediately before and after 
midnight is Ojj—lSc, He, or (a„-(-c), Oi-fiJc, Oj+Hi-; 

and 

«44 = I(«j3+®i)-K«m+®i)-«o. 

aj4 + oo = 2o = i(ox,+«i)-K«M+®*)-2«o. 

0 = + + —“O- 

It may also be noticed that when a series of mean valuos for several 
days is ^mg dealt with, the quantity 2e will be the difibrence between 
tlie first ob^rved valuo and the value for the hour immudiaUdy 
following the last of tho senes, divided by tho number of complete da} s 
in the series. 

Computation for a Yearly Period, 

9. 

Tho computation of the harmonic components of a yearly serios of 
8C5 daily valuos, or of 73 five-day mean values, such as are now usually 
Calculate for the principal meteorological elements, would bo 
extremely labonons if conducted in the usual manner, and it is there¬ 
fore desirable to contrive some approximate method which shall not 
involve excessive arithmetical operations. For meteorological pur¬ 
poses tho following mode of procedure will, it is bolieved, supply what 
is needed, and it may possibly bo employed conveniently in other 
oases. 

When the number of tho terms of a series is exactly divisible by 
2, 4^ 6, and 8, it will be readily seen that tho new method of computa¬ 
tion proposed in tho case of a daily series of 24 hourly terms, will be 
applicable iu its general form; all that » necessary by way of modi¬ 
fication being the introduction of suitablo changes in the corobinatioa 
of the terms, and the adoption of other multipliers in place of those 
given in the equations (3). 

The series of five-day means for a year consists of 73 terms, and 
the above-mentioned condition is therefore not directly oompUod with 
by it. It may, however, be easily transformed by interpolation into 
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a series of 72 terms, whieH will oomply with the oonditioiia, in the 
following manner;— 

It the original series of the 73 five-day means be represented bj 

the numbers (0), (1), (2), (3), Ao .(72), it will be apparent 

that the first term (0) corresponds with noon of the 3rd day of the 
year, the subsequent terms following each other at five-day intervals. 
The new interpolated series of 72 terms shonld begin at 0 hoars of 
the 1st day of the year, and will be designated by the numbers 0,1, 

2, 3, Ao .71. Then if T^ and T_, represent, respectively, the 

mean for 24 honrs of the first day of the year nnder computation, 
and the last day of the preceding year, the interpolated series 
will be— 

0 = i(To-l-T_,), 

1 = i((0) + (l))+V,((l)-(0)) = (0)+«((l)-(0)), 

2 = i((l) + (2))+V,((2)-(l)) = (l)+«((2)-(l)). 

3 = i((2) + (3))-h A((3)-(2)) = (2)+t{((3)-(2)), 


35 = i((34) + (35))-H|((.35)-(84)) = (84)+mS5)-(S4)), 
3C = i((35) + (36))-|.«((36)-(35)) = (86), 

37 = (37)-h*((38)-(37)), 


71 = (71)-l-«((72)-(71)). 

Moreover, for a series of 72 terms the value of t in the fandamental 
equation will be 5°; and designating the Bums of the cosines and 
sines, respectively, of the snccessive mnltiples of z between « and tu by 
[oos 45" to 86"], and [sin 45® to 85"], Mid applying a similar notation 
to the quantities before designated by the senes A, B, 0, D, we shall 
have— 

[AitoA„] =pj[co85"to85"]-g,[8in5"to86"] = 10-95188(p, + j,). 
[A„tp A„] = 10-95188(-ft-f.g,). 

[BjtoB,] =p,[oo8l0"to80”]-g^sinl0"to80"] = 6-21608(j>,+g,), 
[BiotoB„] = 6-21503(-p,.hft). 

[Oj to 0|] = ft[oo816® to 75®3-g,[sm 15" to 75"] = 3-29788(j),+j,), 
[CftoCu] = 3-29788(-j>i+g,), 

[DotoDJ - [D» to Dg] =p4{1-|.2[oos 20"to80"]} = 6-75877^4, 

[Di to Dg] = 2gj;mn 20" to 80"] = 6-67128j* 
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Substituting for tbe quautitios A, B, C, D, thoir values in terms of 
tbs series of 73 fivO'daj means, we obtain after reduction the values 
of the p q ooeffioients. In the rodnoed erpressione the following 
sjmbols are employed:— 

C(0) to (8)3+[(67) to (72)] = 2i [(0)to(S)]-[(67) to(T2)]=.Ay 
[(6) to (8)] + [(64) to (66)] = Corresponding difference =Aj, 


[(9)to(ll)] + [(61)to(63)] = S, 

[(12)to(17)] + [(55)to(60)] = S, „ „ 

[(18)to(23)] + [(49)to(5^ = 2, .. „ =A.. 

[(24) to (26)]+ [(46) to (48)] = 2, „ =A.. 

[(27)to(29)] + [(43)to(45)] = 2, „ „ =A,. 

[(30)to(36)] + [(36)to(42)] = 28 „ =A, 

[(0) to (8)]+ [(69) to (72)] = 2^ 


[(5) to (12)]+ [(60) to (67)] = 2io. 

[(14)to(21)] + [(51)to(58)] = 2„. 

[(28) to (30)]+ [(42) to (49)] = 2,„ 

[(32)to(35)] + [(37)to(40)] = 2„. 

= (a) + (72-n). «. = (n)-(72-n) 

And lot (i (To+T_,)-i((0) + (72)))= K, 
then 

45-80753^ = (l-,V){[2i to2j-[2. to2,]}+i(-‘r„+3e„) 

+i.+K-(36), 

48-80753gi = (l-,»,){[Ai to A«]}-i^o-J/S, 

45-72071P, = (l-*){[2A]-[2, to 2,] + [2728]} 

"i" i {^js ~ ~ ^*17 } 4“ ^ 4" 

4572071g, = (1-*){[A, to AJ-[A, to A,]} 

+ J{—817—2*0+3*11}, 

«=45-5745^, = (l-A){Si-[2i to 2,] + [2, to 27]-28} 

+ i’ll ll'so}+'^^“(36), 

/9=46-57452g, = (l-*){[Ai to A,]-[A*A,] + [A, to A*]} 

+*{*„-2*n-3*o+4*„-5*,o}, 




72 


Lient.>G^««l Stra(^^. On ih$ 

46-0701^, = (l-^){I,-S,o+Xj,-S„+3Eu} 

+^{*4—3tfu+6#B--7»gi}+K+(86), 

46-3r025g, = (l-A){[2iS.]-[2,24] + [S.5.]-[272»3} 

+i{-«^+2«„-3«g-«o+6«,-6«ig+7«„}. 

The reciprocals of the numerical ooefSoients of the several p’s and 
g’s in the above equations will be the mnltipliers of the qnantities 
represented bj the nght-hand portions of those equations, which wiU 
be obtained bj snitable combinations of the five-day means. The 
multipliers are— 

Forpf and .*02183 = m, 

„ Pa and gj.*02187 = »(l-i-*002), 

„ pjandg,.*02194 = «t(l-h *006), 

„ Pa.*02173 = m(l-*006), 

„ q^ . 02204 = »»(1-1-*01). 

A table calculated to give multiples of the quantity *02183 will 
evidently sulfice for the other ooofiioients, with the small corrections 
shown above. 

To provide for cases (which arc likely to be frequent) in which 
the series of terms is not truly recurrent, corrections similar to those 
required for the 24.term senes mnst be applied. As before, repre« 
senting by Tq and T.j respectively the mean values for the first day 
of the period under computation, and Uio lost day of the preceding 
year, and by and respectively the mean values for the first day 
of the following year and the last day of the year under computation; 
the quantity that must be added to the fii*st term of the senes of 
72 terms, corresponding to the initial midnight of the year*, to make 
it equal to the first term of the next yearly series, will be 2c = 
i(<o*i-*-i)—4(To*l-T_i), and it will bo found that the corrections for 
the several p g ooefficieuts will bo as follows *.— 

irpi ....|cx Forg, .... Sl^xm s *684c, 

. p, .... «Xm{l+ 002), „ g, .... 17 ox t»( 1 + *002) = *372c. 

, p, .... cx«(l+*005), „ g, .... n oxw(l-l-*005) = *241o, 

, P 4 - sxm(l—*005). „ g*- 8 exm(l + *01) ss *1760. 

Forpo, or the mean of the whole series,.... = 

A similar method of oompotation might be adopted in the case of 
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a jMrlj period of 365 day*, whiob ooold be tranriomed by interpola- 
t<on into a aeriea of 860 days, each term of which wonld correspond 
to days s 1 days. But the irregnlaritiee of a eeries of daily 
qaantities, in meteorological discossions, woald be so groat, even when 
dealing with the mean of many yeare, that no praotioal advantage 
would be obtained by employing each a eeriea; the oompntations 
would be more troublesome, and the five-day means will be pre¬ 
ferable. 


The annexed Forms are proposed as supplying methods of computa¬ 
tion from the formula contained in the foregoing discussion, which 
shall involve the least praoticablo quantity of arithmetical operations. 

Form 1 differs little from what is ^lieved to be the ordinary 
method at present. It requires tables of multiples of the sines of 
15". 45", 60" and 75". 

Form 2 is for the proposed now method of computation. It 
requires tables of multiples of the special multipliers applicable to the 
several orders of barmonio ooeffioients. 

Form 3 reqtures uo comment except to mention that the value of 
the angles which correspond to the hours of maximum will facilitate 
the graphic representation of the several components, and appear to 
characterise them bettor than the angles T. 

Forms 4 and 5 call for no special remark. But they indicate the 
degree of divergence that exists between the approximate values of 
coeffloients obtained from them, and those got by the more exact 
methods. The figures employed ai-e the mean hourly temperatures 
for one year for the month of June, at Greenwich. If the mean 
values for a series of years had been dealt with, the results would not 
havo differed one with another by so much as one-tenth of a degree 
Fahrenheit. 

Form 6 shows the method of computation from 73 five-day mean 
values. The figures employed are moan temperatures at Klmigsborg 
for 24 years (taken from Bessel’s paper, the translation of which is 
given in the ‘ Quarterly Weather Report' of tho Meteorological Office, 
Part IV, 1870, page [29]), which wore aeloeted in order to teat the 
agreement of the results with those given by Bessel, calculated by 
the method of least sqonras. The values of the coefficients by the 
two metiiods are virtually identical with the exception of pj, in whioh 
I feel satisfied that some error bos been oommitted in Bessel’s calcu¬ 
lation; to verify this, however, would involve a very tedious com¬ 
putation whioh I have not thought it worth while to undertake. It 
should be observed that Bessel’s coefficients, being oaloulated with 
referenoe to a period commencing with tho first of tho five-day means, 
that is noon on the Srdday of the year, have to be modified to adjust 
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them to a period oommenoing with the itaitial midnight of the year. 
In order to render the form oumplete, aa a type of the propoaed 
nyitem of computation, valnea for the first and last daya of the year 
have been interpolated, and a email non-periodical correction has been 
aaaumed to be required; but tlieae have no practical effect on the 
numerical results. 

For this computation a table of multiples of the multiplier (m) is 
required, and to save trouble a table of multiples of y, has also been 
drawn out. 

Nora.—The Tables referred to will be printed by the Meteorological 
Office. 



Form 1.—Compataiiou of Harmonio Co^eienta of the Firat Fonr Ordem, in the Form f 










I to taUn pnjarpd for tbo; 
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Feinury 3,1887. 

Profetaor STOKES, D.O.L., President, in the Chair. 

The Presents reoeired were laid on the table, and thanks ordered 
for them. 

The following Papers were read s— 


I. On the Waves produced by a Single Impulse in Water of 
any Depth, or in a Dispersive Medium.” By Sir W. 
Thomson, Knt, LL.D., F.B.S. Received January S6, 1887. 

For brevity and simplicity oonsidor only the case of two-dimetuional 
motion. 

All that it is necessary to know of the medium is the relation 
between the wave-velocity and the wave-length of an endless proces¬ 
sion of periodic waves, The result of our work will show ns that the 
Telocity of progress of a sero, or maximum, or minimum, m any 
part of a varying group of waves, is equal to the velocity of progress 
of periodic waves of wave-length equal to a certain length, which may 
be defined as the wave-length in the neighbourhood of the particular 
point looked to in the group (a length which will generally be inter¬ 
mediate between the distances from the point oonsidered to its 
next-neighbour corresponding points on its two sides). 

Let/(m) denote the velocity of propagation corresponding to wave- 
leng& 2r/X. The Fourier-Canchy-Poisson synthesis gives 

tt = rdmoo8m[a—t/(m)].(1) 

Jo 

for the effect at place and time (a, t) of an infinitely intense disturb¬ 
ance at place and time (0,0). ^1^ principle of interferenoe as set 
forth by Prof. Stokes and Lord Bayleigh in their theory of gronp- 
velooity and wavo-velooity suggests the following treatment for tUs 
integral:— 

When e—t/(m) is very large, the parts of the integral (1) which lie 
on the two sides of a small range, /t—■ to fi+o, vanish by armalling 
interferenoe; /t being a value, or the value, of m, which m^es 

^K«-#/(st)3}*0,..(8) 
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«g w« li»T 0 • «*{/0i) +^/0‘)} =* yt, (8) 

wh«« y-/&‘)W 0 ‘)* W 

And wa haTa bj Tajrlor a thaorem for m—fL vary amall 

W+ 8 / (S) 

l>r, modifying bj (8) 

«[—fy(m)] »:/{^yo.)+4[-;./ 0.)-2/0.)](«-;.)«} (6) 

Put now = (7) 

•nd namg the rbanlt in (1) we find 

y2r> eo« [t/.«/(At)+a»3 

“ “ 0 *)]* ( 8 ) 

the limita of the integral being here —oo to oo becauae the denomi 
nator of (7) u so infinitely great that though ±a the arbitrary 
limits of m—/I are infinitely small • mnltipbed by it is infinital} 
great 


Now we have pjla cos ss sin v* = •/{.^) (9) 


Henoe (8) becomes 

QOS [</.«/(»)]-sin rtaVC^)] 

* t‘[-M/(A.)- 2 / 0 .)]* 




To prove the law of wave length and wave velocity for any point 
of the group remark that by (8) 


= ^‘Ca’-fyW] 

•nd therefore the numerator of (10) is equal to ^/2 cos 0 where 


0 = ^[*-t/(a)]+iv (10) 


and by (2) and (S) |;{/.[«-t/0i)]} =0 


by which we see that 


d0{d» = A »nd d»/(ft =s (10 ) 

which proves the proposition 
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BmwnfU (I)--—At % firrt ezuni^ daep-M* w»tm} m 1 i»t« 

.«« 

wliloli rednoM (4), (3), and (10) to 

ir = Jv/j.(“> 

mnd ( 18 > 


which it Oanohy and Poiaaon’a reanlt for places where « is yrj great 
in comparison with the wave-length 2w/ft, that is to say, fhr place and 
tiiae such that 9^/4ai is very large. 

Swemple (2).—W»rea in water of depth D: 

.<«> 

Emmple (8).—Light in a dispendva medinm. 

HiuMple (4).—Capillary gravitational wavM: 

A«) = v/(-i+T«»).(Ifl) 

EtKmple (5).--Oapillaiy waves» 

/(«)=v'(Tm).(17) 

Baamph (6).—^Waves of flexure running along a uniform elastio 
sod: 

/(«) = «<y/|.(18) 

where B denotes the flexural rigidity, and w the mass per unit of 

length. 

These last three examples have been taken by Lord Bayleigh as 
applications of his generaUsation of the theory of group-velocity; and 
he has pointed out in his "Standing Waves in Running Watw’' 
(London Mathematical Society, December 18, 1888) the important 
peonliarity of Bxample (4) in znspect to the critical wave-length which 
gives minimTim wave-velodty, and therefore group-velodty equal to 
wave-velocity. The working out of our present fooblem for this case, 
«r any pase in which there are either minimnins or maiimums, or both 
and minimums, of wave-velooify, is particularly intereet- 
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fag, bat time dow not pennit iia befag inoladed fa the p r eem t eon* 
mnnioetioa. 

tor Examplee (5) and (6) the denomfaator of (10) is imaginary; 
and the proper BK^ifloatioiw from (7) fbrwarde, giTSO fbr these aii^ 
aa(di oaees, faetead of (14), the fdlowfag ‘ 

The result is easily written down for each of the two last oases 
CBnmples(5)aad(d)]. 


n “On the Formation of Gorelees Vortices by the Motion of a 
Solid through an invisoid incompressible Fluid.” By Sir 
W. Thohson, Knt, LL.D., FJtS. Received Febmaiy 1, 
18«7. 

Take the simplest case: let the moving solid be a {^be, and fat 
the floid be of infinite extent fa ell direotions. Let its presame be cd 
any given value, P, at infinite distanoee from the globe, and let the 
l^obe be kept moving with a given oonetant velocity, V. 

If the floid keeps everywhere in oontaot with the gbbe, its veloqity 
relatively to the globe at the equator (which is the place of greatest 
relative velocity) is |V. Hence, nnless P>|y*,* the fluid wUl not 
remain in oontaot with the globe. 

Snppoee, in the first place, P to have been >|y*, and to be 
enddenly rednoed to some constant value <fy’. The fluid will be 
thrown off the globe at a belt of a certain breadth, and a violently 
disturbed motion will ensue. To desoribe it, it will be convenient to 
apeak of velocities and motions relative to the globe. The fluid must, 
as i n dicated by the arrow>heads fa fig. 1, flow partly backwards and 
pwrtly forwards, at the place, I, where it impfagee on the globe, 
after having shot off at a tangent at A. The back-flow along the 
belt that had been bared must bring to £ some fluid; and the free 
amfsoe of this fluid must collide with the surface of the fluid leaving 
the globe at A. It might be supposed that the result of this collision 
would be a “ vortex sheet,” which in virtue of its instability, would 
get draam out and mixed up indefinitely, and be oarried away by the 
fluid farther and farther from the globe. A definite amount of 
kinetic energy would be praetieallg amuUed fa a "»»»*"«» which I 
hqM to ezplifa fa an early commnnioatbn to the Boyal Society of 
B^burglii 

Bnt it is iippossible, either fa our ideal faviacid incompressible 
* Ths dsnnty of the fluid is tsken as unity. 
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fluid, or in a real flnid each as water or air, to form a Tortex 
aheet, that is to ny an interface of finite slip by any natural 
action. What happens in the case at present under oonsiderationr 
and in every real and imaginable case of two portions of liquid 
meeting one another, as for instance a drop of rain &lling 
directly or obliquely on a horisontal surface of still water, ia 
that continaify and the law of oontinnons fiuid motion become 
eatablished at the instant of first contact between two points, or 
between two lines in a class of oases of ideal symmetry to which our 
present sulqect belongs. 

An inevitable result of the separation of the liquid from the solids 
whether our supposed globe or any other figure perfectly ^inietrical 
round an axis and moving exactly in the line of the axis, is that two 
oiroles of the freed liquid sur&oe come into contact and initiate in an 
instant the enclosure of two rings of vacuum (Q and H in fig. 2, 
which, however, may be enormously far from like the true oonfigura- 
tion). 

The “ oironlation ” (line-integral of tangential oomponent velooify 
round any endless onrve endraling the ring, as a ring on a zing, or 
one of two rings linked together) is determinate for each of these 
vaonum-rings, and remains oonstant for ever after: unless it divides 
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itielf into two or more, or the two first formed unite into one, agninst 
whioh sooidents there is no wcoritj. 

It is oonoeiTsbly possible* that s coreless ring Tortex, with irrot»> 
tionsl oircnlstion round its hollow, shall be left oscillating in the 
neighbourhood of tiie equator of tiie globe; promdei (fT*—P}/P i$ 
not too gnat. If the material at the globe be visoonsly elastic, the 
Tortex settles to a steadj position round the equator, in a shape 
perfeotljr symmetrical on the two sides of the eqnatoreal plane; sod 
the whole motion goes on steadily henceforth for ever. 

If (-IV*—P)/P exceed a certain limit, I suppose ooreless Tortioee 
will be snocessively formed and shed off behind the globe in its 
motion through the fluid, inoessantly. 


* If this eCMslTaUs poMUnlity bciis^MSHlde for a ^otw, it is eartaialy poMOle 
teisawelatsasof prolate flgnrM of rtrolmioa. 







m "On Jhroterotaurut Spmm (yon Meyer)** By H. G 
BbeIjSt, F B S t Profeasor of Geography m Eingfa College, 
London. Beoeiyed Febamary 8,1887 
(Abetraot) 

The author givee an aooonni of the soientiflo history of Protero* 
■anrns, and states the interpretations of its strootnie given Onvier, 
ton Meyer, SirB Owen, and Professor Huxley 
In Part n he desonbes the type speounen m the Museum of the 
Royal College of Surgeons In the rinill oharaoters are given of the 
oerehml cavity, the snpra-oooipital, parietal, frontal, pre frontal, 
na sa l, and premaxillary Ixmee Arestoration is made of the skull and 
the teeth are shown to be anohylosed to the jaw On the palate the 
vomer, palatine, and pterygoid bones are described and shoifri to have 
all been armed with mmute teeth The pterygoid bone was strongly 
united to the quadrate bone The lower jaw and hymd bones are 
also described 

In the vertebral column a description is given of the second to the 
seventh cervical vertebns, of sixteen dorsal vertebns, two sacral 
vertebras, and twenty three caudal vertebra 
The femur tibia and fibula and foot are also desonbed The skin 
IS found to have been defended with a bony armour 

In Part HI comparison is made between the type and other 
specimens which have been referred to it with the result that some 
are regarded u indicating different species while others indicate 
different genera 

In Part IV a comparison is made to show the resemblances of 
Proterosanms with other reptiles m the several regions of the 
skeleton, with the result that the Proterosauna is regarded as a 
distmct division of the Beptilia, showmg resemblances to many of 
the highly specialised orders and to some low types 


Pretmit, February 3 1887 

Traasaotums 

Baltimore —Johns Hopkins Hmversity Studies m Histonosl 
and Pohtioal Soieuoe Fifth Senes Nos 1-8 8vo Baltimore 
1887 The University 

Ohnstiania —Umversity Om Humanisten og Satinkeren Johan 
Lauremberg 8vo Okndtama 1884, Antinoos, erne Konst 
arobaologisdhe Untersuchung 8vo Ohruiiauta 1884, Labs 
Kratereoglavastremme 4to Krutioma 1886, Ncrgeoyaext- 
* ngs Bud L 4to Ckrutiama 1885 The Umvemty 



8T 


1887 ] AwMt 

TnatMtiuiu (eowUnvatl) 

BMtboTume —Iffttoml Hutoij Society TianiMtioiu Val I 
Ferto 9-10 8to Btuiboume 1885-86 Tbe Society 

Lcmdoa —Saoituy Inatitate TreasMtione Vol VII 8to 
London, 1886 The Inctitate 

Peni —^!oole Nortaale Sap6neare AniuJee Aim6e 1887 No 1 

4to Pan* The Sohool 

Peeth —Iftfyar TodomAnyoB Axsed^mui Almanaoh 1885 Azohaao 
logiu E^td 1884, Kotet IV 1885 Kotet V Sadia 1-2 
Balletia 1884-85 1 3 Bmldkbeeaddek Kotet II Sadia 8-10 
Kotet III Sadm 1 8 Ertekeaesek (NeauetgesdMdg) 
Kotet II Saam 6 Ertekoadaek (Nyelvtadomdayi) Kotet IQ 
Sadm 11 12 Kotet KII Sadm 1 5 Ertekeseaek (Matho 
matiku) Kotet ZI Sadm 1 9 ^rtekeadaek (Tataadalmi) 
Kotet VII Sadm 8-9 Ertekeaeaek (Termdeaettadomdnyi) 
Kotet KTV Saam 1 8 J&rtdceadaek (Tortdaettndoiadayi) 
Kotet XI Sadm 7 10 Kotet XII Sadm 1-2 4 Erkdayr 
1884 Vol 2 Evkoayvei Kotet XVII No 2 Legtnaeti 
Esaleletek Kotet 11 Matheaiatikai da Tenndsa Ertentd 
Kotet in Fuaet 1 5 Mathematikai da Termdaa Koale 
mdnyek Kotet XVIII Kotet XIX Mathematiaohe oad 
NatnmuBenBohflftliohe Bendite Bd II NyelvtodoiodDy 
Koalemdayek Kotet XVIII Fuaet 2 3 Kotet XIX Fuaet 1 
Bepertonum Kotet I Beaa 1 Unganaohe BeTue 1885 
Heft 1 7 Erteaitdje Kotet XVIII Sadm 8-7 Kotet XIX 
Sadm 1 2 Konig Egyealetek 8 to Bxtdaput 1885 Alad 
Magyar bdayamilTeleadnek tortdaete Kotet I 870 Bndapoot 
1884 Bdgi Magyar KonyTtar Kotet II 8vo Bvdapest 1885 
Bartfai Konyrtdr 8to Bvdapett 1885 Vdalatdk aa Akadd- 
mia 1831-81 870 BvdapoH 1881 Magy^roraadg II J6mel 
Kordbau II 870 Bndapett 1884 Mouumenta Oomitiorum 
TranaaylTanuB Kotet X 870 Budapnt 1884 Monnmenta 
Hnugane Kotet I 870 BudapeH 1885 NyeWemldktdr 
Kotet XI Kotet Xn 870 Budaperi 1884 Oodez Diplo 
matioua Kotet IV 870 Budapett 1884 Bethlea da a ardd 
Biplomatia. 870 Bndapett 1882 ABmilina Papuuanna 870 
Budape$t 1884 A Kereaatdnyadg fondamentomdrdl 18mo 
Epiatolm Sancti Pauli 12mo A Eeaathelyi Sirmeaok 4to 
Bndapoti 1884 The Academy 

Ttondlyem -K N Videnakahen Selakab Sknfter 1885 870 
Trtmdlymn 1886 The Society 


Oheerratioiia and Beporta 

Ohnatiania —^E^erde Beretmng om Bygda Kbngagaard med TiUag 
4to Ohnttuiima 1886 The nxu7eraty Chnatiania 



81 






ObMrrationa, Ac. (continued), 

London i~-Eeir Gatdena. Bnlletin of MiaoeUoneono Inionnation. 
No. 1. 8to. London 1887. The Director. 

Heteorologiool Offioe. Weekly Weather Beport. Noe. 42^2. 
4to. Quarterly Snmmaiy of Weekly Beport. Third Quarter, 
1886. 4to.; Monthly Weather Beport. July-Augut, 1886. 4to. 

The Office. 

IfdbonmeDepartment of Minee. Beporta of the Mining 
Begiatrars, quarter ended September, 1886. Folio. Malboumo 
1886. The Department. 

Ofaaerratory. Obierratioue of the Southern Nebnlm made with 
the Great Melbourne Telescope, 1869-86. Part I. Folio. 
Melhowmt 1885. The Government Astronomer. 

Montreal:—Geological and Natural History Surrey of Canada. 
Aimual Beport. 1885 With Maps. 8ro. Montreal 1^. 

The Surrey. 

Pesth:—Konig. Ung Geulogisohe Anstalt. Die Kon. Hug. Geo- 
logische Anstalt and deren Ansstellongs-Objecte, dec. 8to. 
Budapeet 1885; Foldtoni Intdoet es ennek EidlliUisi Tdrgyai. 
8vo. PwdqpMt 1885; Speoial-E^atalogderYI-tenGrappe 8ro. 
Budapeet 1885; Der Goldbergban Siebenburgens. 8ro Buda¬ 
peet 1885. With six other pamphlets in 6ro. 


The Institution. 




ID67.} Coninbi$twiu to Ai MttaUwy^ of Bitmuth. 


FahnMry 10,1887. 

Profefwr 8TOKE8, D.C.L., Pnaident, in the Chair. 

The Freeenti reooived were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

L ** Contributions to tiie Metallurgy of Bismuth.” By Edwabd 
Matthsy, F.S.A., F.C.S.. Assoc. Roy. Soh. Mines. Comma* 
nioated by JoBN PsaoY, M.D., F.H^S., Pres. Iron and Steel 
Inst. Received August 18, 1886. 

j 1. Bitmuih: tit Separation from Sold, and iit Bqfining Action 
npon tame during the Praeeit of Separation ,—In bringing the above 
snbjeot nnder notice, it is necessary to allnde to some of the tacts dis* 
tingnishing this very interesting metal. 

Bismuth, in some of its important obamoteristios and reactions, 
resembles lead. And one of the chief points of resemblance betweoi 
these metals is their ready oxidation, and their absorption by bone^ 
ashes or wood>aahes whilst so oxydised. I refer of conrse, to the 
process of onpellation. 

This ancient and serviceable process, still employed universally 
for the separation of gold and silver from lead, is equally applicable 
to bismnth, if associated with these precious metals; and, like lead, 
bismuth may be readily employed as a vehicle or means of collecting 
gold and silver fbom their ores in redaction processes; but its com* 
paralive cost accounts for its non-employment in this respect. 

Commercially speaking, bismnth differs from lead in its greater 
valne, lead being worth at present £13 to £14 per ton,* whilst bismuth 
realises between £700 and £800 per ton; this high value being dne to 
its greater rarity and to its limit^ and special naes. 

As is well known, bismnth ores are frequently anriferons; and 
one of the points which it is my desire to bring nnder notice is the 
eflbotnal separation of the gold from bismnth by a rapid and effloa* 
ekma process. 

Of course, nothing could be easier than to separate these two 
metala by the ordinary process of cnpellation. The gold, by these 


• JuM, isae. 



90 


Mr. E. Mftttbflj. , [Feb. 10, 

. u et onoe rendered anikble. bat with the drawbeok that not 
onlj la there a veiy oonaiderable loea of biamnth Tolafaliaatum 
donng the onpellation, bnt the anbeeqnent reoovetj of the metal, 
which m the state of oxide haa been abaorbed by the onpel, la 
rendered neceasary, inTolring a tediooa and troubleaome smelting 
operation, the employment of ezpennre flnxea, and a fhrther oom- 
aiderable lorn of metal 

Bearmg in mind the close resemblance of biamnth to lead m its 
behavionr in the onpellation process, I directed my attention to ita 
separation from gold by means of the addition of a small proportion 
of lino—a method known as the Parkes process as employed for the 
separation of silyer from lead And this I found snooeesftil, the 
natural separation of these two metals dnnng the process of ooohng 
proving to be similar in both cases 
The operation as OMned ont by me is as follows — , 

The Bismnth holding the gold is melted at the ordinary totnpera* 
tare about two per cent of melted smo is then added, and the 
whole bronght to a doll red heat The alloy is then well stirred, 
and the temperature gradually lowered When at a black heat the 
slight cmst formed on the surface is skimmed off and the metal 
again treated with a further quantity of sine at the higher tempera* 
tore The whole of the gtld be found m these skimmings, and 
the bismnth will be thru freed from it 

The skunnungs, consisting of bismuth, gold and sino, and smo 
oxide, I now treat by a process which quickly renders the gold avail 
able, and at the same time has the effect of reflnxng the gold from all 
impuntiea excepting silver dnnng the actual process of extractum 
This small proportion of biamnth litharge and its charge of gold 
IS fhsed in a clay omoible with a little borax, and allowed to cool 
down in the crucible, or it is poured into a mould with the bismuth 
litharge, which bemg perfectly liquid, allows the metallic gold to 
separate by its own gravity, and during its fnsiou absorbs any base 
metals associated with it as oxides The hxevmik htharge, in faett 
aete ae a refhwng agent to the gold, which, when cold, is detached from 
it This bismuth slag is broken up, re fhsed with a htUe metallic 
biamnth, and is so freed ftom the last traoe of gold which is coUe^ed 
hj the bismuth and subsequently extracted The bismuth litharge 
so freed from gold is then reduced by fusion with carbon to its 
metalho state 

The quantity of bismuth hthaige faoldmg the gold is exceedingly 
small in proportion to the bulk of metal originally treated, as the 
figures hereinafter given will show, bat, by this process the bismuth 
u at onoe freed from its gold contents with little time, labour, or 
expense 

I have continuously earned out this method of treatment with the 
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wmI mkutoator^ rmlto It will <mij be Beoeewy to take the fl|puee 
of one operation ae an illnitration 

A quantity of 9483 Ibe of bumnth, holding aboot one per oent of 
impnntf, and 12 5 onnoes of gold per ton (equal to £3 5 onnoee in 
the bnlk), waa eo treated, and of thie nearly 9000 Iba waa unme> 
diately rendered available for oommeroial nae, the akimminga, whioh 
amonnted to 658 Iba (7 30 per cent of the bnlkX eontamuig the whole 
of the gold 

Theae akunminga I oudued by meana of nitno and, thna obtain, 
ing the greater proportion of the biemnth and what little copper there 
waa in aolntum, from which tiie biamnth waa precipitated ly the 
ordinary method, care being taken to aatnrate the nitno amd 1^ ex- 
traotuig the greater portion of the bismnih aa nitrate, eo aa to leave 
a portion of the biemnth aa oxide with the gold in order to refine 
it from the impnntiea exiating aa oxides when fused with it This 
residue, coUeoted and dried, waa, when dned, fused in clay oruoiblea, 
with a small quantity of borax, yielding the full amount of gold shown 
by assay 

Aa before stated, in these fusions the metalbo gold sepamtea from 
the biamnth lithaigea, and desoends to the bottom of the ornoible \j 
its own gravity The liquid and supernatant bismuth litharge floats 
upon it and breaks away readily when cold, the gold so obtained being 
aasooiated only with silver, both metals bemg in fact iifhisd hg the 
aotum of the bumuth litharge 

$ 8 S^aratum of Bumuth from Lead »The diflBonlty surrounding 
the treatment of bismuth associated with other metals by any rapid 
or oomprehensive prooess is well known to the metallurgical obemiat 
I believe 1 am oorreot m stating that hitherto the only prooess 
employed for the refiiung of bismuth on the Continent—^notably m 
Saxony, the chief continental source of this metal—has been that of 
ohhmnabon and subsequent preoipitstion, a prooess tedious in itaelf 
and mvolving much plant and labour in comparison with the quanti 
tiea of metal opertied upon 

B^pidity of production with a mmimnm margin of loss, in order 
to frM the metal from its impurities and render it marketable as 
quokly as possible, bemg a gi^ desideratum, induced me to turn 
iqy attention to its refining by diy processes In oarrymg this out I 
have found present most of the metals which are easily seised ly and 
become aasooiated with the bismuth itself during the process of r^no. 
tion from its ores,* such as antunoi^, arsemo, tellurium, lead, copper, 
Ac., Ao, all of which I have successively and ancoessflilly deidt with 

It IS not my mtention m this paper to describe the processes 
adtqited for the elimination of these several metals, but to confiae 
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myifllf to the uparation of lead, the preeenoe of irhioh eapeoiallj 
preaented at first great diffionitiee. 

Aa stated above, I have fuand that I can separate one by one the 
metals mentioned above, all of vrhich have been assooisted with omdo 
bismnth which has come under my notice. In this, success thoogh 
gradual, has been complete: but 1 was still confronted by the fact 
that the lead alloy was retained by the bismuth with a most oharao- 
teristio persistency which seemed to defy all efforts of separation 
excepting by tedions wet or acid processes. 

The amount of lead existing in the bismuth I operated upon, after 
freeing it by dry processes from its other impurities, varied from 2 to 
10 per cent. 

Bearing in mind the respective fusing points of lead and bismuth, 
it occurred to me that, as alloys of bumuth and lead fuse at a 
temperature considerably lower than that of bismuth itself, separation 
would possibly take place between the two metals at a cei^n point 
of cooling; I therefore made the following experiment:— 

Taking a quantity of bismuth (about 10 owt.), holding 11‘5 per 
cent, of lead, and fusing same, I allowed the metal to cool until the 
major part of it bad crystallised, then removing the fluid portion. 

The residue showed by assay only 6*35 per cent, of Ic^ pointing 
at once to the partial separation I had hoped for. 

These crystals again similarly treated showed only 3'75 per cent, 
of lead. 

The operation repeated gave crystals with only 2 per cent of lead, 
and a fourth crystallisation brought thia down to below 0'5 per cent. 

As a matter of possible interest, I subjoin the progressive results 
during the crystallising operations of several lots up to the point of 
bulking, and of finally separating every trace of load:— 

BitmtUh holding 14‘6 per cent. Lead. 


1st crystallisation gave crystals holding 9’8 per cent, of lead. 


2nd 

„ n ,1 

61 

„ 

3rd 

I, „ ,1 

3-8 

„ 

4th 

,f ,» ,, 

2-6 

„ 

5th 

„ 

0-4 „ 

- 


Bitmuik holding 12 per oent. Lead. 


1st orystaHisation gave ciystals holding 6'2 per oent. of lead. 

<s« 2nd 

II II II 

42 „ 

„ 

3rd 

•1 II II 

1-4 „ 

„ 

4th 

11 II 11 

0-4 „ 

w 
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Btmuik Meting 7*6 p«r eeni. Laai, 
lit orjitallustioii gara oryitala holdmg 4'8 par oant, of lead. 
2nd „ „ 8-8 

Srd „ „ 0-8 „ 

4th „ „ .. 0-4 „ 


Bittnul\ holding 11 per aent. Lead. 
let orystalliaation gaya orjeiala holding 5‘5 par oant. of lead. 
2nd „ .. 2-5 

3rd „ .. .. 10 

Jiitmulh balding 5*6 per cent. Lead 
let otystalliaation gave orjatala holding 2‘0 per cent, of lead 
2nd „ „ „ 0-7 „ 

Srd „ „ under 0‘5 „ „ 

Biemuth holding 5 3 per cent. Lead. 
let crjstalliMtion gare crystals holding 1‘8 par cent of lead. 
2nd „ „ „ 0*6 

3rd „ „ under 0*5 „ „ 


Haying attained this point, I worked upon eereral larg^ quantities 
of metal—with practically the same results—finally succeeding by a 
flontinaation of the process in eliminating every trace of lead. 

By the aboye it will be seen that the process becomes an ex¬ 
ceedingly simple one, large quantities being treated at one time, 
involving little or no loss, and occupying hours, instead of possibly 
weeks. 

To illostrote the facilities of the separation of lead and bismuth 
aQoys, I give the following figures from metal holding originally five 
per cent, of lead. 

10,675 lbs. produced, in the course of six to seven crystallisations, 
0806 lbs. of available bismuth, the residue 1188 lbs. holding 40 per 
cent, of lead, so that from a quantity of nearly 5 tons of bismuth and 
lead alloy only about half a ton remained, holding practically the 
whole of the lei^; the bulk of the bismuth separated by simple crys¬ 
tallisation holding traces only of lead, which, if necessary, could be 
readily eliminated by further crystallisation. From these facts it is 
apparent that the separation of these two metals can be effected 1^ 
turning to account their reitatiae fating poinii. 
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Btec^pfiiuhMon <if firtgomg SwpenmeiU 
10,67& lbs leadj bumath, holding flro per oent. lead, yielded 
9806 Ibe of good oommeroial biemnth by the crystalbiatioa prooeee, 
or within eix per cent of the total oontente of pure bismnth 
Leaving for enbeeqaent treatment— 

Of all< 7 , hoUing 40 per cent of lead, 1188 Iba, whidh is eqqel to 
1113 per oent of the whole weight of metal treated 


^oero^e Analytu of the Bumuih Orel worked upon 


Bismnth 

4457 

Lead 

2 35 

Antimony 

064 

Arsenic 

126 

Molybdennm 

• 502 

Tellnnnm 

017 

Iron 

525 

Manganese 

005 

Copper 

024 

Tungstic acid 

245 

Alumina 

018 

Magnesia 

009 

Lime 

081 

Carbouo acid 

147 

Sulphnr 

3 77 

Inaolnble earthy matter, chiefly silica 

2812 

Water 

8 37 

Oxygen in oombination and loss 

519 

100 00 


IL “ An Inqmiy into Ibe Gatue and Extent of a qiecial Colonr> 
Belatioa between certain exposed Lepidopterons Pnpee 
and the Surfaces which immediately surround them ’ By 
Edwabo B Poulton, M A , of Jesus and Keble College^ 
Oxford, Lecturer m Zoology and Oomparatiye Anatomy 
at St Mary’s Hospital, Paddmgton Communicated 
Piofessor E. Ray Lamxsster, FRS Received Feb¬ 
ruary 10,1887 

(Abstract') 

Ewtoneal —^Mr T W Wood first called attention to the oolomr- 
relation in pnpm ('Entom Boo Proo,’ 1867, p xciz), 
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mstunow ai Pteru hratnea, P rofott Vaneua poh/ehlorot, aud 
(enoneoiuly) Papiho maehaoti He even enggeBted that gilded 
Bwrfaoee might probably be fonnd to prodnoe gilded pnpe. but the 
experiment has never been made nntil the preaent inveatigation Hu 
obMrvatione were dupnted bymany entomologista but were confirmed 
by Mr A G Bntler and ProfeBaor Meldola (‘ Zool Soo Proo 
1878) Fmally, Mn Barber ( Entom Soc Trane1874, p 619} 
obtained striking resnita with the pnpts of Paptlw nireus (South Africa) 
which were confirmed by Mr Roland Tnmon, who experimented npon 
Paptiw demoleui Still later Fritr Muller (' Eoamoa ’ toI 12, p 4^) 
argues that the dimorphic pnpsa of Paptltopolydanuu do not possess the 
oolonr-relation It was generally assumed that all the above instances 
of the colour relation were to be explained by supposing the akin of 
the freshly formed pupa to be '* {diotographioally sensitive, but the 
explanation was never tested by any system of transference to other 
odonra, and Professor Meldola pointed out in 1874 that there was no 
real analogy with photography h nrtbermore the explanation failed 
to account for the colonr of pupae which threw off the latval skm on 
a dark night I theiefore thought that the problem aould piobably 
prove to be essentially physiological, and that the reflected light 
would be found to act on the larva at aomo time before pupation 
and not upon the pupa itself and it seemed probable that the 
sensitive area might be defined by experiment The mvestigation 
was conducted m the summer and autumn of 1886 

I Srperment$ upon Vanena Jo —Material was kmdly supplied 
by Ml E D T Pode, of Slade, Ivybndge Six mature larv® were 
placed in a glnss cyhndor surrounded by yellowish green tissue paper, 
and all suspended themselves from the paper roof Five changed mto 
the rarer yellowish green form of pupa, and the sixth immediately 
after the skin had b^ thrown oft while still mout and with the 
shape unformed, was transferred to a black surhice in darkness bnt 
the pupal colours deepened into a yellowish g^reen tint exactly like 
that of the other five pup® 

Thu experiment, so far as it went, confirmed my anticipation of 
larval as opposed to pupal susoeptibihty, and added another striking 
instance of pupal oolonr relation Mr W H Harwood, of C olohester, 
ah® informed me that he had found the same variety of this species 
an tiie under nde of nettle leaves, bnt not the dark form which 
aeours commonly on walls, stones, Ac Hence the protective value of 
the oolour-relataon is well seen, the spemea having varieties suitable 
finr vegetal and mineral surroundings, and adjustable 1^' the stimnlna 
■applied by the colours of the environment 

II EttptmnmU upon Faneira «rbo®—This species was investigated 
in great detail, over 700 individuals being employed in the expeno 
ttants Matenal was in part supplied by Mr< Pode, bnt chiefly 

TOL xut H 
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tound near Oxford. The first neoeesify waa the oonstmotion of a 
standard list of oolonrs with which to oompare the pnpe which had 
been the snbjeots of experiment. The pnpe are very variable, and in 
many of the experiments the oolonr infinenoe was only allowed to act 
dnrini; a small part of the time during which the larve are sensitive. 
Henoe the careful record of minute differences was absolntely 
necessary, and the standard list was made as detailed as possible. 
The list was as follows:— 

The degree of oolonr represented by— 

(1.) Very dark, from the large amount of culioular pigment; no 
gilding or the merest trace. 

(2.) Dark normal form, bnt not so black as (1) and sometimes more 
gilding bnt very little. 

(8.) Light normal form, sometimes with a fair amount of gilding, 
often with a predominant pinkish tint. This degree was,afterwards 
subdivided into dark (8), (3), and light (3), and even farther in 
certain experiments. 

(4.) Very light variety, often extremely golden; sometimes light 
pink. 

(5.) The lightest variety; often completely covered with the gilded 
appearance. 

In the experiments snramarised below, the individnals belonging to 
different companies were always separated, except in the larvae 
subjected to green surroundings, so that the errors from varying 
hereditaiy tendencies were reduced to a minimum, for the larv® of 
each company are hatched from tho eggs laid by a single butterfly. ' 

1. TAc lietvlU of Different Colours—Orange surroundings produced 
no effect, as far aa tho experiment went, for the few pnpie were all fS) 
and therefore ahowed no relation to the oolonr of the environment. 
After the experiment upon the allied F. lo 1 tried the efieots of green 
npon a largo number of individuals, but the resulting pupe were op 
the whole rather darker than nsnal, probably beoanse of the amount of 
shade produced by the tissue-paper. This oonolnsion suggested the 
use of hlaei surroundings, and at once an immense effect was witnessed. 
These effects in turn suggested the nse of white sarroandiiigs (white 
paper and white opal gloss) and here also a powerful influence was 
exerted, the pnpas being often bnlliantly golden in appearanoe. But 
it was clear that the very dark varieties were much better protected 
against the black sorfaces than the Instrous golden pap« against the 
white anrfaoes, and this consideration suggested the nse of a material 
with which the golden appearance harmonised most perfectly, t.s.,' 
metallic gold. Boxes and oylinders lined with gilt paper and turned 
towarde a strong light produced the most extremely gilded varieties in 
a large proportion of the pupsa, and the metallio appearanoe was 
yellower and more truly golden than in the more silveiy formf 
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prodnoad bjr the nee of white stirronTidinga. The totals obtained by 
the nee of these different sniroandings were os follows (omitting the 
onmge). 


Degrees of oolonr. 

(1) 

(2) 

Dark 

(a) 

(8.) 

Light 

(3) 

(4) 

(6.) 
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29 

27 

22 
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8 1 


-IftS 

White 


7 

21 

37 

4t 

25 

i‘i 


ewt .. 


1 

2 

7 

16 

27 

u 

L 

- 07 
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8. Tha Ooloura of Wild I'afie —Tt is impossible to realiso the 
extremely remarkable resnlts of the gilt and white snrronndings 
without taking into account the 6ict that a (4) or a (6) is very rarvly 
seen in the field, except when the pnpa is diseased. Ont of fifteen 
wild pnpsa fonnd Aagnst 31 on a grey stone wall, the lightest pnpie 
were (3), while there were four of the degree represented by (1), and 
there was only the minutest spot of gold to be seen after careful exami* 
nation on two of the pnpm, and none on any of the others. 

3. Tha Mffecta of Mutual Proximity.—luaamnch as the above 
figures show that the larre are sensitive to dark surfaces and the 
larvB themselves am almost black, it appeared probable that they 
would bo mntnidly influenced when a large number pupated in close 
proximity. This was incidentally shown to be the case in several of 
the experiments, of which the most striking was as follows. Four 
larvn were placed each in a separate cylinder while twelve were placed 
together in another similar cylinder, all having the same conditions of 
light and each cylinder lined and roofed with an equal amount of 
white paper and each standing upon an opal glass floor. Of the twelve 
larvn ten pupated in close proximity upon tho roof and sides, and were 
all light (3), while the remainiug two pupated on the floor and were 
both (4). Of the four pupsa in separate cylinders two were (4) and 
two were (fi). In consequence of these and other equally convincing 
results the exact position of the pops has to be taken into account in 
estimating the influences which have been at work, and in all the moat 
caiefnl experiments only one or two larvs were placed in each coloured 

4. Tha Bffeeta of Illumination .—One experiment was directed 
towards the comparison of the influence of a black surface in strong 
light and the same snrfaoa in darkness, and the resnjta show clearly 
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tbat the pepte ue on the whole derker in the latter oinmiiMtaaoee, 
although dark under both conditions 

In another experiment some larrewere snspended ina strongdtraot 
light without any colouted background snfBoiently near to affect them, 
and as far as the ozpenmont went it indicated that there was an 
influence in the direction of the lighter vaneties but in this case the 
numbera employed were too small to be convincing 
5 The Ttmn dunng lohtch the Larva are Setutltve —The whole 
period preparatory to pupation, intervening between the tossaiion of 
feeding and pupation itself, may be divided into three stages (i) in 
which the larva descends from tho food plant and wanders about in 
search of some (geneially mineral) surface upon which to pupate, 
(ii) m which it rosts motionlcM, nsnalJy in a curved position, upon 
the surface selected, (iii) in which it hongs head downwards sna 
pended by its posterior olaapers from a boss of silk spun at. the close 
of the iMt stage The duration of Stage (i) depends npon the 
vaiying proximity of suitaUe surfaces, and it was always greatly 
curtailed in conflnement, because snch surfaces were close at hand 
If the larva is sensitive during this stage the influences cannot 
generally contiibute towards the result becanse the larva is wandering 
over surfooea of various colours It is also very improbable that the 
larva can be sensitive after the first few hours or at any rate the flnt 
half of Stage (in), because rapid changes are taking place nnder the 
larval skin, and it is even likely tbat ptooesses are already on their 
way towards completion which will reenlt m the formation of pig¬ 
ment or other substances which will many hours later deepen into 
the effective causes of pupal colour The length of Stage (lu) did not 
vary very much m different lanie and ui the shortest case observed 
the length was about 14 hours, while 20 hours was an unusually long 
period, but the majority of larvn passed about 17 or 18 hours in this 
stage Stage (n) was mors variable but about 15 hours was a common 
length, while ^ boors is a fair estimate of the length of the whole 
preparatory period In the majority of oases a larva is probably 
sensitive to tho colonr of sarrounding snrfooes for about 20 hours 
preceding the last 12 houn of the whole preparatory period Thus 
the length is amply sufficient to inolnde many hoars of daylight dnnng 
which the surrounding snrfaoes are illuminated If a larva he dis 
torbed when Stage (u) is far advanced the whole penod begina again, 
and all the three stages are again passed through, hnt they sro 
all abbreviated, inclndiug Stage (lu) which had not previously oom^ 
menoed Many experiments indicated that darlrunsi may inonaae 
the length of the stages, but my observations were not specially 
ducoted towards the settlement of this question, which only ooonrred 
to me when the notes were tabulated Th^ore I propoM to 
speoially investigate this point m the next season Snob prolongation. 
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if ODiTobontod, maj be phTnolofpoally eonneoted with pigment 
fennatumt or it maj merely give the larra an additaonal opportunity 
of being aeted on by light, if for any canie the illumination of the 
enrroanding eurfaDe is delayed or if the most sensitive part of the 
whole period corresponds to the ordiiuuy darkness of night 
6 Sapvnmentt whu.h ihow the Senattwa CoTuhtum darmg Stages (ii) 
and (in) —It was very important to obtain beyond any donbt the 
demonstration that the larvm are sensitive during Stage (ii), and also 
to decide oonolusively whethei any susceptibihty was continued into 
Sti^ (ill), and if BO to compare the relative susceptibilities of the two 
sta^ Such espenments, if successful, would at once dispose of the 
older theory of pupal sensitivenesa, and would be most important in 
making possible other methods of mvestigation which, applied to 
Stage (ill) alone, might sneoessf illy teiminate the long and difScnlt 
search for the larval sensory surface which is affected by surrounding 
colours A great many expenments were oondnoted with this object 
The IsrvB were made to pass Stages (i) and (ii) exposed to the mflnenoe 
of a powerfnlly acting colour, and then were transferred for Stage (iii) 
to the colour which tended most strongly in the opposite direction 
The largest, most oarefully oondnoted, and most snooeMfnl experiment 
of the kind gave the following results, all the larvs belonging to the 
same company ~- 



The analysis speaks for itself Stages (u) and (in) are both aensitivek 
hut Stage (m) is much leas sensitive than the other Thus, when the 
earlier part of the penod was passed in gilt sarroundings, the reaenu 
hlanoe between the reanlta and those produced by gilt snrronndings 
aofang dnnng the whole period was much stronger than the tesem- 
Uanoe between the latter and the results produced when the giU 
acted dnnng Stage (lu) only It ia obeervaUe that the larva as a 
vdiole andently tended towards tiie lighter forms, so that the black 
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did not prodnoe nearlj anoli strong efleott aa tiia gilt ■oironiulings 
It u almost nnneoesssry to point how completely the old theory of 
papal sensitireness is broken down bf the analysis The experiment 
shows that the more elaborate methods alluded to above could be 
applied to Stage (ni) with at any rate a fair prospect of snccess 

7 3V Seareh for the Senntive Larval Surface (• ) The OeelU — 
The most obvions suggestion pointed towards the larval ocelli (six m 
namber on each side of the head) as the possible sense organs which 
were acted on by sni rounding oolonrs, and formed the btginmng of 
the physiological ohain of which the end is seen in the colours of the 
pupa In many different experiments the larvis were divided into two 
set^ with precisely similar conditions of surrounding colours and 
illumination, the one set of larvae being normal while the ocelli of the 
other larvae were carefully coveiod with an opaque blaok varnish, 
which was renewed more than once if necessary (the larvae being very 
much irritated by tho process and flinging their heads about so as to 
remove some of the varnish) Iho material made nse of was a 
qniokly.di 7 ing photographic vamisb rendered opaque by the addition 
of lamp black Experiments of this kind weto condnoted with green, 
white and gilt surroundings but the pupae which were formed from 
the blinded larvae could nevet bo distmgnished as a whole from the 
others having been equally acted upon by surrounding colours 
Even supposing the conditions of experiment had not been quite 
perfect, so that the ocelli were not wholly eliminated, wo should 
expect some differences between the resulting pupae if these organs 
represent the efficient sensory surface After repeated experiments 
with negative results I Bub]eoted two sets of larvae to tho inflnenoe of 
blaok surroundings in darkness thinking it possible (but highly 
improbable) that the process of blinding, or the vanush iteelf might 
act as a stimalns to the ooelli, and so produce the light-oolouxed 
pupae Again it was possible that the blinding might assist the 
influence of blaok snrroandmgs, although it could nut prevent the 
aotion of bnght colours Of tho resulting pnpa», the set produced 
from the blinded larvae were rather lighter than the others, bat there 
was little differonoe, and honce both Buggestions were negatived, for 
the prooess obvionsly did not assist the influence of the sarroandings, 
and the difference between tho two sets was so slight as to offer no 
explanation of tho bnlliant pnpss produced from blinded larvss I 7 gilt 
or white Bnrronndings, on the hypothesis that the {mioesB of blinding 
itself supplies a stimnlus 

(/9 ) The Oom^x Branching Bpmei —It seemed possible that theee 
spmes, of which there are seven on most of the segments, might 
oontain some terminal organ which receives impression from oolonred 
■nrfaoes When the spines are snipped off the bases bleed a little, so 
It w clear that a sabcmtionlar core is oontamed within them The 
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briatlea were ahom from aeverel xnainTe 1 ut», and they Were placed 
ander exactly the same eonditiona of light and aarroandinga (white or 
gUt being naed in three different experimenta) aa about an equal 
number of normal larvae, but the pupa of the two aeta were almoat 
exactly aimilar. 

( 7 .) The whole Skin Surfaee a* Teeted by OonJlieHng Colour Experi¬ 
ments .—It haa been ahown in pan^ipwph 6 that the lams are to 
aome extent aenaitive during Stage (iii), and I had long thought that 
this atage in which the larvaa are anapended motionleaa, and cannot 
be greatly affected by diaturbance, might be inreetigated by the appli¬ 
cation of atrongly conflicting coloni-a to different parts of the larval 
surface. Black and gilt were obviously shown to bo the best colours 
to select for the purpose, and the experiments wore cunduoted in two 
ways. In the first the laws were induced to suspend themselves from 
sheets of clear glass, by placing them in wide shallow glass boxes, so 
that the ascent to the glass roof was easily aooomphshed. As soon 
aa suspension had taken place each of the larvn was covered with a 
oompa^mentod cardboard tube, of which the septum was perforated 
by a hole just large enough to admit the larval body. The tube was 
fixed to the glass sheet with glue, and the upper chamber and upper 
surface of the septum were lined with one colour, e.g., gold, 
while the lower chamber and lower surface of the septum were 
lined with the opposite colour, e.g., blaok, which alro covered 
the outside of the cylinder, in case the larva should stretch beyond 
its lower edge. The septum was placed at such a height in 
the tube that the larval head and rather less than half of the 
total skin surface (anterior) were contained in the lower chamber, 
while rather more than half of the skin surface (posterior) was con¬ 
tained in the upper chamber. It was thought that the upper chamber 
would be illuminated too strongly as compared with the lower, 
because its opening was directed upwards towards the light descending 
from the window, and therefore compensation was provided by fixing 
another perforated septum on the upper end of the cylinder, so that 
ita opening was reduced to the same diameter as the perforation in 
the septum between the two chambers. The results show that I 
overoompensated for the difference in illumination, for 1 did not take 
into account the fact that the larva spins its boss on a comparatively 
wide layer of silk which it haa previously spun over the glass, and 
which greatly diminishes the transparency of the latter over an area 
at least equal to the diameter of the tube, which is comparatively 
thick, and includes the boss itself over the smaller area, corresponding 
to the perforation in the disk. Hence the resulting pupst were rather 
lighter when the gilt chamber was below, although the difference was 
not great. At the close of the experiment 1 altered the conditions of 
l l h u ninat ion by removing the npper septnm, and then the single papa 
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produced in % tube with the gilt ohambor abofre proved to he the 
only (&) obtained in the whole of this aet of ezperimenta, in which 
88 pnpn had been compared. 8aoh reenlta ihow that the wnntiTe 
■orfaoe is not repreeent^ a eense-organ in the head, or with an 
anterior portion only, bat that the whole skin area poaaeews enaoeptL 
bility. 

The second method of oondnoting conflicting ooloor experimenta 
was snperior in the more eqnal illumination of the gilt snr&oe when 
above or below. Flat wooden trays were oovered in each case with 
black and gilt paper in alternating areas, the two oolonrs meeting 
along lines which ran across each tray, and along which shelves were 
fixed oovered with gilt paper towards the gilt surface, and black paper 
towards the blaok snrfaue. The shelves were perforated close to tha 
tray bottom with holes separated by equal distances, and of snob a 
sise os to easily admit the body of a la^ with its spines, while the 
latter as in the oompartmented tubes tend to obscure tne interval 
between the larval body and the edgo of the apeitnre. The trays 
were plooed vertically in a strong east light, so that the shelves pro* 
jeoted horiaontally, the blaok surface being uppermost in some oases, 
the gilt surface in others. Suspended larvae were pinned (by tbs 
boss of silk) on to the uppermost oolonr in such a position over the 
holes that the head and first five segments of ea^ larva passed 
through a hole into the oolonr beneath, which tended to prodnoe oppo- 
nte results. The ourvature of the larval body brought the head close 
up to the underside of the shelf, and thus there was no ohance of its 
being inflnenoed by the ooloor above the shelf. Other larvis were 
similarly fixed between the shelves upon one oolonr only, so as to 
afford a comparison with the results of the conflicting eolonrs. The 
pupss obtain^ were on the whole rather lighter when the gilt surface 
was above, and hence the gilt snrronndings inflnenoed the rathm* 
larger posterior part of the skin to a greater extent than in the converse 
arrangement, when the effeotivo oolonr was below. Hence on the 
whole the influence of conflicting oolonrs has ended in as complete a 
confirmation of the numerous blinding experiments as the neoMwarily 
limited conditions of experiment oonld be expected to prodnoe. 

8. Tka Natw of the EffecU Prodserd.—The gilded appearance is 
one the moat metal-like appearauoee in any non-metallio ■uhatanoeb 
The optical explanation haa never been nnderatood. It has, howsver, 
been long known that it depends npon the ontiols, and needs the 
presenee of meutore, snd that it can be renewed, when the dry 
cwUole is moistened. Henoe it can be preaerved for any timn {n 
quit. If a pieee of dry ontiole be moiatened on ita upper snrfaoa 
the oolonr is not renewed, but alaoat instantly follows tha applioatkm 
of qiirit to ths lower snrfaoe. Seotions of tha ontiola reseml^ tbn— 
of ^ofUio ssa s hosa described in a previous paper (‘ Boy. Soo. PsotV 



108 


«ol 88,1885, p 879), ud ihow sa appar thin lajer, and a low«r mndi 
thidEer, findy lamniatad layer, 'whtoh la alu striated vertioally to the 
aarflMe With Profesaor Clifton’s kind aaaistanoe 1 have been able to 
show that the i^ipearanoea follow from interferenoe of light, dne to 
the presenoe of dims of liquid between the lamella of the lower layer 
The microscope shows brilliant red and green tints by reflected lights 
while in transmitted light the complementary oolonrs are distinct, 
bnt without bnllianoy The latter oolonrs are seen to change when 
preasnre is iqsplied to the surface of the ontiole, and when the process 
of drying IS watohed under the microscope, owing in both oases to the 
liquid Aims becoming thinner In the dry cuticle the solid lamella 
probaUy come into contact, and prevent the admission of air, which, 
if present, would cause even greater brilliancy than liquid The 
spectroscope shows broad interference bands m the transmitted bght, 
which chuige their position on altering the angle of incidence of the 
light which passes through the cuticle Precisely similar oolonrs, 
metallic on reflection, non<metallio and with the complementary tinta 
on transmission, with the same speotrosoopio appearaiioes and ohmigea 
induced by the same means, are seen in the surface films which are 
formed on bottle glass after prolonged expoenre to eaith and moiature 
In the alternating layers of the pupa the ohibnons lamella are of higher, 
the liquid films of lower refractive index, hence water or alcohol pro* 
dnoe brilliant ^peesunoes, while hquids of higher refractive indioee 
prodaoe less effect. 

It M very interesting to note that tha most specialised means of 
producing colour is probably derived in the meet simple manner from 
the ordinary lamellated layer of other non-metalho pnpa («y, 
P maohatm) m whioh the lamella merely act as reflectors so that the 
pupa u bnghtiy oolonred ly absorption dne to pigment contained lu 
the outer lamella only, and hence traversed twice by a large part of 
the moident bght 

The dark pupa of V arfvte, and the dark parts of the brilliant 
pupo^ oontam abundant pigment m the upper thinner layer only, 
which therefore acts as a screen, and shuu oil light from the lamel¬ 
lated layer below, thns preventing the metallic appearance In the 
brilliant pupa this layer is transparent, and of a bnght yellow oolonr, 
and doubtless assists in producing the yellowness of the golden 
appearance ly abeorptaon of light Tho two layers are of diilerent 
(^mieal oonstitation, for the upper will not stain in logpvood, while 
the lower does so without difAoalty 

9. TIU Btciogteai Valvt of the Chided Appearanee —Mr T W Wood 
snggested that the appeatanoe was so eanotfally unlike anything 
nsouUy found in the organic kingdoms as to protect the organwtts 
possessing it Others have thought that it has the value of a wannug 
ooloar, udieataag an •mp lo sasat taste It is pr o b able that it u now 
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tued tar this purpose, but it u impzobeble that snob wm its original 
meaning, for the fact that the appearanoe oan be called up bj- the 
appropriate earroundingB shows that it belongs to the highest olass of 
protective colours, as far removed as possible from oonspiouou 
warning colours, the object of which is to become at utUiks their 
surroundings as possible. The former suggestion no doubt contains 
the true origin of the character, if we add to it the statement that the 
appearance is not only unlike anything organic, but strongly resem* 
bles many common mineral substances, especially the widespread 
mineral mica. The darker pnpaa, on the other hand, resemble grey 
and weathered rock sarfhccs, just as the brilliant varieties resemble 
many exposed and recently fractured rooks. The shape of the Vanessa 
pupa is eminently angular and mineral looking. It is probable that 
the glittering form arose in a hot dry country, whore exposed rooks 
would not weather for a long period of time. Gilded pupm of 
Vanessa are formed from larvs which contain parasitic larvm of 
ichneumon flics, probably on account of the absence of pigment in 
such diseased individuals, and snob absence being correlated with the 
gilded appearanoe, the latter is therefore formed. Vaiutta lo has a 
green variety of pnpa which appears when the insect is attached to 
its food-plant; V, atalanta has not snoh a form, and spins a tent of 
leaves when it pupates on the plant, while V. wrti'ccr has neither the 
green variety nor the latter habit, and exhibits a strong disinclination 
to pupate among vegetal snrronndings. During the past summer I 
only found throe pupss of the species on the food-plant in the field, and 
all were “ iohveumoned *’ and were abnormally gilded. 

III. Sxperimentt upon Vaneeta atalanta,—A few larw of this 
species, kindly sent me by Mr. J. L. Surrage, were snbjeoted to gilt and 
to black surroundings, while a few others were left in bright light 
among the leaves of the food-plant. The results harmonised very 
completely with those obtained from F. urtiece, the first set of pnpn 
being uniformly golden, the second very dark and with hardly any or 
none of the gilded appearanoe, while the third were intermediate 
but nearer to the former. The length of Stage (iii) appeared to be 
about the same as in F. urtieat, as tor as this could be ascertained 
from the limited data. 

IV. Ei^crimentt upon Pe^ilio maehaon. —^llr. W. H. Harwood 
supplied me with larvve of this species. The eight largest were 
selected and placed in brown surroundingfs (twigs, Ac.), four of them 
being blinded. The larva were very quiet and did not appear to be 
irritated by the process, which was repeated three times. The posi¬ 
tion of the ocelli on a distinct black area rendered it eai^ to ensure 
that they are all covered with varnish. Bight bright green pupa wwe 
obtained, fixed to the brown stems or roof or lying free on the brown, 
flow. This result surprised ipe very much, for 1 knew tha^ tbart 
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«u ft brown Tanely of the pnpn not nnoomibon in thu epeoiee The 
remaining Oiree ]arTe were placed in green snrroandings, one of 
them being blinded as above, bat only one of the normal larrm 
pnpoted, fixed to the green food plant, and prodaoed a duhnet hrtnm 
wtneiy These startling results show that there can be no snsoeptu 
bility in this species, and this is all the more remarkable beoaoso the 
two varieties are so welt marked, and because uf the stnking reeulto 
obtained by Mrs Barber and other observers on two species of South 
African Papilios Fnts Muller, however, shows that another species 
of this genus resembles P maehaon in being dimotphio and yet not 
susceptible The oontradictory results obtained in my experiments 
were either due to the secondary association of one variety of a 
dimorphic species with an unhealthy condition or even a stunt^ sue, 
as the gilded Vanessa pups result from ‘ lohnenmoued" larve, 
or to the shade caused by Hio green tissue papei Ihe eight 
largest and healthiest larvos pioduoed the green pupm, while of 
the three smaller laiv» only one pupated and formed a brown pnp» 
Ml Harwood informs me that he has always looked with suspicion 
on the brown pnps, believing that they have been bred from larve 
which wore oapturod when small, and wkich are reared m close fitting 
tin boxes and he believes that the wild pnpe, and those obtained 
from larva which were found when almost mature, are green On the 
whole I think it is probable that the pupal dimorphism m this species 
IB the remnant of a former suceptibility to coloured surroundings 

V Expertmmtt upon Pwn# brauicce and P rajm —Those two 
species are treated together because they were m nearly all oaaes kept 
under similar conditions and were often placed in the same oylinders 
The (nearly matnre) larve were almost always obtained, and the 
experiments oondnet^ at Soaview (Isle of Wight) 

1 Standardt of Pupal Colour —Degrees of oolonr were constructed 
by the comparison of a large number of individuals in each species 
In these standard liste the pupe were arranged in both spemes 
according to the relative predominance of black pigment, both as 
patches and minute dots, the latter tending to prodnoe a grey appear- 
anoe and obscuring the ground oolonr The lightest degrees were 
dasBifaed according to the tint of the ground colour which bad become 
prominent in the oomiiaratire absence of the pigment 

2 Lffeets of vanoiu Oolouro adtng dunng the Preparatory Penod 
(m ) Blaek —interesting results following the use of this blade ground 
unto vanons conditions of illnnunation (P rapve only), the efEeots 
being stionger in the direofaon pigment formation when the 
amount of light was increased (the opposite effect having been 
witnessed in F urhea) The pope of both species wei^ daik in the 
great majority of instances after exposure to blaok sarroaudings in 
the larval state during the preparatory penod 
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(/3.) White.—In this caae also the effeote were etaronger (u ^own 
in ihe preTention of pigment formation) as the snrface waa more 
highly illuminated (P. re^a only). 

(<y.) Oolowre of the Bpeetrum. —All the oolonn were need except 
ridlet, and the effecte npon pigment formation in the two epeoiee were 
BO graduated in the snooemive oolonre that it waa poaaible to approxU 
mately represent the results by a graphic method, making the abmissa 
of the Boale of ware-lengths of the visible spectrum, and each ordinate 
of a length which corresponded to the average amounts of pigment 
obtained from all the pope tnbjeoted to any one colour, each ordinate 
being made to diverge at its base, and to include the degrees on the 
scale of wave-lengths which were shown by the spectroscope to corre¬ 
spond to the rays reflected (or transmitted) by the colour in question. 
Joining the summits of all the ordinates, the lines obtained were 
strikingly similar in the two species. , 

The effects may be summarised as follows- 



The colours which most retard the formation of pigment were 
shown by the spectroscope to contain certain rays in common, i.e., 
those from W.L. O-OOOd?—W.L. 0-00059, or 0 0006a The whole of 
the experiments on these species seemed to show that, of the light 
incident on the larval surface, the direct white light produces no 
eSeot at all (until after it has been reflected). Further experiments 
must decide whether direct light can be equally efficient with re¬ 
flected light, when it contains the same speotrosoopio components. 
The green tissue-paper waa quite insufficient to prove this, for it 
must have been largely coloured by absorption from reflected as well 
as transmitted light. 
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8 The Length of the Preparaiory Period —^The obaerrationi were 
■ot Boffloient to detormmo daration of the penode and of its stages 
tnth anj great aoenracy, bnt all the experiments render it certain 
(iiat the length u much greater in both speoies than m V urltea 
There were also some indications as in V urtiea, that darkness maj 
danse the prolongation of the period 

4 Blending Sxpmmenit —The larve of P rupee were alone made 
use of, and they are aa well aoited to this method of myeatigation as 
P machaon The sets of pnpm prodooed from normal and blinded 
larw were veiy similar and thns the resnlts harmonise with those of 
all the blinding expenmeuts in other speoies of larras 

5 3Va> tference Expenmente — oonsiderable number of the larrm 
of P rajxe were transferred for the whole or pait of Stage (lu) 
to a surface of a oolonr different from and generally opposite to that 
which had previonsly influenced them, and the results entirely har¬ 
monised with thoso previously deeonbed in other species, showing 
that the larva is sensitive and not the pupa, and that the time of 
latest BUBoeptibility is before Stage (ui), or only including the first 
part of it, bnt also rendering it probable that the laine can be 
influenced to a small extent during this stage 

6 The Nature of the Effect* lerought upon the Pupa —The varied 
pigment effects which follow the inflnenoo of different surrounding 
oolonrs are attended by other more deeply seated changes of 
even greater physiological interest and importance The black 
pigment patches and minute black dots are ooticnlar and super¬ 
ficial, while the green, pink, or other ground colouis are subcuticular 
and deep seated, and m the most brightly oolonrod pup» they are 
mixed colours due to the existence of different pigmentiry (and 
probably ohlorophylloid) bodies ptesent in different elements and at 
different depths in the saboatioolar tissues of the same pupa In 
other pupe no trace of snob oolonrs can be seen Uenoo we boo in 
these most complex and varied effects of the stiiuulus provided by the 
reflected light, which deepen into their permanent pupal condition 
very many hours after the stimulas has ooai>ed to act, the strongest 
evidence for the existence of a chain of physiological processes 
almost nnpaialleled in mtncacy and diffioulty, while a theory of 
comparatively simple and direct photocbemioal changes induced by the 
stimnlns itself, without such a physiological circle, seems entirely 
inadequate as an explanation of the &ots, a oonolosion which is borne 
ontby a oompanson with the expenments upon other speoies desortbed 
in this paper 

VI Sapenmmit wpon Ephyra penduiana —After the oonsidcration 
ot the many species of variable pups ot the Bhopslooera, it is of inte¬ 
rest to compare the results of the investigation of the equally exposed 
and variable pupce of certain speaea of a single genus of Heterooraa, 
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thegenn* Eph^ra. I observed this geniu in 1883 (i.e., B. pendaiaria, 
B, omieronaria, and E. orhieularia), and the results are published in 
' Bntom. Soo. Trans.,’ 1884, pp. 50—56. The most curious result of 
the observation was the establishment of the fact that the green and 
brown larvea always produce pupa of the same oolour. I think it is 
very probable (from the consideration of other partially published 
observations), although entirely untested in this genus, that the 
colours of the larva, and through them of the pupa, could be con¬ 
trolled by the selection of appropriate surroundings during the whole 
or a large part of the larval stage. Concerning the different species 
mad 0 use of, E, orhieularia is variable, E. pt-ndularia regularly 
dimorphic green and brown, and E. omieronaria dimorphic, with the 
brown forms very rai-e. The relative nnmbors at the green and 
brown larva and pupa of E, pendulana vary at different times at the 
year, the green forms greatly predominating in the summer ibrood, 
while they are not so abundant in the winter brood. When the 
parents of any set of Inrve were both of the same oolour in the 
larval stage there was a much lai-ger proportion of that same colour 
in the resulting offspring. I made some observations upon the situa- 
tiona selected for pupal ion, thinking that those might shbw some 
relation to the pupal oolonrs, but the results wore not convincing, 
and wore certainly highly irregular, but the experiment was not 
carrioil out in the heat way, for there was not a sufficient quantity of 
both colours in the sunn and mgs. Dr Wilhelm Muller, of Grcifswald 
(Spengel, ‘ Zool. Jahrb.,’ vol 1, 1886, p. 234), calls attention to this 
remarkable and constant relation of larval to pupal colours, and 
expresses the belief that it is entirely exceptional, a statement which 
is of importance, when it is remembered that Dr. Muller has worired 
carefully for many years on the South American larvie. Hence 
certain species of Ephyridso afford an interesting contrast with all the 
other species of exposed pupee which have been hitherto observed. 

VII Erperimente upon the Oolourt of the Goooon in Satwnia 
eaiyiint.—At the suggestion of Mr. W. H. Harwood I made some 
experiments upon this species, and found that four cocoons which 
were spun in the comers of black calico bags were very dark brown 
in colour, while those of other larvm which bad been freely exposed 
to light until after they had begun to spin, and which were uot sur- 
ronnded by dark surfaces, were nearly sdl perfectly white, and when 
darker of a much paler tint, and very different from the four men¬ 
tioned above. Thus Mr. Harwood's suggestion seems to be entirely 
confirmed, and another instance of the influence of surronudings is 
added, and one which it appears cannot be explained in any way 
except by the supposition of tho existence of a complioated physio¬ 
logical, and apparently a nervous circuit. 
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Profeuor STOKES DOL, President in the Ohair 

nie P wsen t s teoeived were laid on the table, and thanks ordered 
for them 

The lollowmf' Papers were read — 


I Record of Experiments upon the Functions of the 
Cerebral Cortex’ By Vkitob Hosslby, MB, FR.C8, 
F R S, Professor Superintendent of the Brown Institution, 
and Eoward Albkrt Schafer F R 8 Jodrell Professor of 
Physiology in University College London (From the 
Phyaiologpoal Laboratory of University College ) Received 
Febmaiy 5 1887 

(Abstract) 

The paper oonsists as its title implies, of a record of expenments 
relating to the functions of the oerebral oortex, a subject npon which 
the authors have been engaged during three years The expenments 
have been entirely made npon monkeys After desonbmg the methods 
employed, the general resnlts of excitation and of extirpation of 
vsanons parts of the oerebral hemispheres on one or both sides are 
given, and the oases in which the method of ablation has been 
employed are then recorded m detail, the symptoms observed during 
hfe and the condition of the brain after death being syatematioally 
noted Each case is illustrated by one or more drawmgs, showing 
the exact oondition of the brain post mortem In some mstanoas 
seotiona of the brain are also represented The paper includes also a 
to pographical plan of the excitable or motor region of the eortea 
eertibrt 


n. "On Radiant Matter Spectroscopy —Examination of the 
BendnalGlow" By WauAM Crookes, F R S, V P C S 
Received Febmaiy 10,1887 

The duration of pbosphoreeoenoe after oeesation of the exoitng 
eanae la knosm to vary wsthin wide hmite of fame, from aaveral hours 
IB the ease of the phoephoreaoent sulphidea to a minnts fiaotum of a 
TOU ZUl 1 
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■ ■wa d with nramimi glua and ralphate of qmnme In mj entnma* 
terns of the phosphonsoent earths glowing nnder the eauntBasat of the 
indnohon duohaige in vaono, I have fennd very great diAraaoes in 
the duration of ^ residnal glow Some eartiu continue to phos« 
phoresoe for an hoar or more after the onrrent is tamed off, while 
others cease to gtre oat the light the moment tee corrmt stops 
Hanng snooeeded in splitting np jttna into serersl simpler forms of 
matter difEeung m hasio power,* and always seeking for farther 
evidenoe of the separate identity of these bodies, I noboed oooaai o nal l y 
teat the residual glow was of a somewhat different ooloar to that it 
exhibited while the onrrent was passing, and also that the speotmm 
of this residnal glow seemed to show, as far as the temt light enabled 
me to make ont, that some of tee lines were missmg This pointed 
to another differenoe between the yttnnm components and with a 
new to examine the question more closely I densed an instaiament 
similar to Becqnerel's phosphoroeoope, bnt aobng eleotnoally instead 
of by means of direct light 

The instmment, shown m flg 1, A and B, constats of an opaque 
disk, a b e, 80 inches m diameter, and pierced with twelve openings 
near the edge as shown By means of a ronlhplying wheel, d, and 
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iMfid, 0 /i (he diak can be set in n^id rotation At each revolation a 
iMionaxj object behind one of the apertnree w alternately exposed 
ludden twelre times A commntatoi, g (shown enlarged at hg 1, B)^ 
Asms part of the axis of the disk The commntator is formed Of « 
hidlow cylinder of brass ronnd a sohd wooden cylinder The brass 
IS out into two halres by a saw cat mnning diagonally to and fro 
round it, so as to form on each half of the cylinder twelve deeply emh 
tStih interlooking, and insulated from these on the opposing half 
< 7 l)ndsr by an air space about 2 nun across Only one half khh, 
at the cgrlmder is ua^, the other, » «t being idle, it might have been 
Osit away altogether were it not for some little use that it is m saviiig 
the mbbingspiingiy, from too great friction when passing rapidly 
aw the serrated ei^ To a block beneath the commutator are 
afttched two springs, one, i, rubbing permanently agaust the eon* 

fc baBe of the serrated hemu^linder, h h, and the other, j, rub> 
ae the points of the teeth of h h By oonneotug tiiese springs 
Ifiih the wires from a battery it will be seen that rotation of (he com* 
matator {oodiues alianiate makes and breaks in (he onrrent The 
Jt robbing against the teeth le made with a little adjustment* 
i^wajre, so that it can be said to toucb the pomts of the teeth only. 
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when t]|« Inweki will be mneb longer then the makae, or it onn be ut 
te rab near the bwe of the teeth, when the ourent will remain on lor 
a much hmger time and the interrale of no onrrent will be rtrj ehort. 
By meane of a eorew, 2 2, attached to the epring, any desired ratkr 
between the makes and the breaks oan be obtained. The intermittent¬ 
primary onrrent is then oarried to an indnotion ooO, m, the aeoondaty 
onrrent from which passes throngh the raonom tnbe, n, oontaining- 
the earth under examination. Whan the oommntator, the ooil.break, 
and the position of the raonum tube are in proper adjustment, no 
light is seen whan looked at from the front if the wheel is turned 
slowly (enppoaing a snbstanoe like yttria is being examined), as tho 
onrrent does not begin till the tnbe is obaonred by an intwoepUng 
segment, and it ends before the earth comes into view. When, how- < 
ever, the wheel is turned more quickly, the residual phosphoreacenoo 
lasts long enough to bridge over the brief interval of time qlnpaing’ 
between the cessation of the spark and the entry of the earth into the 
field of view, and the yttria is seen to glow wi& a fitint light, which 
becomes brighter as the speed of the wheel increases. 

To count the revolutions, a projecting stnd, o, is fastened to the 
rotating axis, and a piece of quill, p, is attached to the fixed support, 
so that at every revolution a click is produced. With a chronograph 
watch it is easy in this way to tdl the time, to the tenth of a eeoondr 
occupied in ten revolutions of the wbeeL 

Under ordinary circumstances it is almost impossible to detect any 
phoephoresoence in an earth until the vacuum is so high that the line 
speo^m of the residual gas b^^ins to get frint; otherwise tire feeble 
^ow of the phosphorescence is drowned by the greater brightness of 
the glowing gas. In this phosphoroecope, however, the light of 
glowing gas does not last an appreciable time, whilst that from the 
phosphoreeoent earth endures long enough for it to be caught in the 
instrument. By this means, therefore, I have been aUe to see the 
pboephoresoenoe of yttria, for example, when the barometer gauge 
was 5 or 6 mm. below the barometer. 

When the earth under examination in the phosphorosoope is yttria 
free from samaria, and the residual emitted light is examined in the 
apeirfrosoope, not all the bands appear at tiie same speed of rotatico. 
At a slow speed the double greenish-blue band of 0/3 (646) first 
uomes into view, closely follow^ by the deep blue band of Oa (482). 
This is followed, bn increasing the speed, by the bright citron band 
of 06 (674), and at the highest speed the ted band of Of (619) is 
with difficulty seen. 

The following are measurements of the time of duration of the 
>pbaophoresoenoes of the different oonstituents of ytfrium. The wheel 
Was first rotated slowly, until the first line visible in the spectroscope 
attached to the phoaphoros«^ appeared; the speed was oount^ 



1887.] Oh Badiflmk Mattar BpMtroaoopy. lift 

Md it ww then ino ro Med until the line next vieible wm eeen. 'In 
this way the minimnm epeed of revolntion neoeaeary to bring each 
line into rietr wee obtained, end Arom theae data the 'dnration of 
phoaphoreeoenoe fbr eaoh oonetitneut of yttria wae oalonlated. The 
time in the following table represente in dedmalt of a second the time 
elapsing between the cessation of the indnotion discharge and the 
wiubihty of the residnal glow of the earth:— 

At 0<X>S6 NO. interrsl the green and blue linM of 0-3 and da begin to be riiible. 

At 00082 „ the citron line of begini to be wnble. 

At 0-00175 „ the deep red line of (K (M7) U Jut rieible. 

At000126 „ the line of dd ie almost at bright M that of O-jB, and the 

red line of dq ia weible. 

At 0*000676 „ the higluct tpe^ the initrument oonld be rerolTsd with 

acourao/, the whole of the lioM msally leen in the 
jttrla epectmm oould be seen of nea^ their unal 
* brightneM. 

I hare already recorded* that phosphate of yttria, when phospho- 
naced in vacno, gives the green lines very strongly whilst the dtron 
band ia hasy and faint. The same tube of yttrio phosphate was now 
«xamined in the phosphoroaoope. The green lines of Q/3 soon showed 
themselves on setting the wheel into rapid rotation, bnt I was nnable 
to detect the citron band of 05 even at a very high speed. 

The effect of calcium on the phosphorescence of yttria and aamaria 
has been frequently referred to in my previous papers. It may save 
time if I summarise the resolts here. About 1 per cent, of lime added 
to a badly phosphorescing body oontaining yttrium or samarinm 
always causes it to phosphoresce well. It diminishes the sharpneas 
of the citron line of G5 but increases in brightness. It also renders 
the deep blue line of Ga extremely bnght. The green lines of G^ 
are diminished in brightness. Lime also brings out the phospho 
resoenoe of samarium, although by itself, or in the ptesenoo of a nnall 
quantity of yttrium, samarinm scarcely phosphoresces at all. 

In the phosphorosoope the action of lime on yttrium u seen to 
antirely alter the order of visibility of the constituents of yttrium. 
In a mixture of equal parts yttrium and oaloinm, the citron G5 line 
is the first to be seen, then comes the G« blue line, then the G/3 green 
line, and finally the G^ red line. This may, I think, be explained 
aomewhat as follows:—Calcium sulphate has a long residnal phos* 
phoresoenoe, whilst yttrium sulphate has a comparatively short 
residual phosphoreaoenoe. Ifow with yttrium, althongh the green 
phosphorescence of G/9 lasts longest, it does not last nearly so long a« 
that of oaloinm sulphate. The long residnal vibrations of the oaldnm 
compound induce, in a mixture of oaloinm and yttrium, phospho- 
resoenoe in those yttrio molecules (G5) whose vibrations it can eieieh 
• ‘ FhiL Trui.,' 1888, Fsrt UI (pp. 814->616). 
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in ndTanoe of ihoae (0)9) to wliioh it ia utagonutio; the Une of 0^ 
fhoiefore appears earlier in the phoaphoroaoope than that of 0/9, 
although were oatoinin not present the line of 0/9 would appear first. 

Eaperiinents were now tried with definite mixtures of yttria and 
lime as ignited sulphates, to see where the special influence of lime 
on Oa ceased. 


Order of appearance in the phoaphoroeoope.—03, Oa, 
Gti, and Os. The citron lino of 02 la only to be 
aeon at a high ipeed, and ia then Tory faint. 

Order of appearance m the phoaphorompe.—Oa, O^, 
and 02 (oititm and Une) toother, and la^y Os (red). 
At a very high apeed the green lines of‘0/t beaoine 
far more luminoua than any other line. 

Order of appearanoe.—02 and Oa together, then OA, 
and lastly Os. 

Order of appearance —02 and Oa eimnltaneoualy, then 
OA, and lastly Os. The reaidnal phosphorescence 
last for SO aec^e after the enrrent etopa The light 
of thii teeidael glow le entirely that of The Una 
---- interrml of 00046 


Order of appearanoe.—02, Oa, OA. 

Order of appeaiance.—02, Oo. The green linee of OA 
eoold not be seen m the phoephoroaoope ; they would 
probably be obliterated by the etron^ green of the 
—'-^-—-nn by the oaleiam 


The action of barium on yttrium was now tried. The following 
mixtures (as ignited sulphates) were made:— 


Yttrium. 

Banom. 


Per oent. 

05 

90 

80 

70 

00 

60 

40 

SO 

85 

Per oent. 

i ' 

M ;■ 
40 ' 
60 

60 

70 

76 J 

In the phoaphoroscope the OA line appeare eariieat, hot 
the blue chi line ie the next to be seen, whilst the red 
line of Os ie the lateet in eppearing. As the per¬ 
centage of yttrium inoreaiei the blue line more and 
more orertuee the red and inoreeiae in brightness. 

Speotmm aimilar to the abore. As the percentage of 
yttnnm increafee the spectrum grows brighter. In 
the phoiidioroeotm the earliest Une to appear is the 
OA green, then the Os red, and next oloeely follow¬ 
ing it the 0« blue 
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Ttttfann. 

Barinm. 


Peroent. 

Percent. 



r 

1 

In the radiant matter tube all thcM mizturaa nre 
lidiilsr ipectrs. The OF green u a little brighter 
and the OF oitron u a little fainter than in the cor- 

ao 

80 

16 

86 J 

raeponding mixtiirei of yttnum and oaknum, hnt 

10 

00 1 

tho whole of the yttriiun linai are Men. in the 

s 

06 1 

phoephoroeoope the OF n«en u the Fnt to appear, 
then the Oq red. The OF citron ii not Tiiible st any 

1 

09 

■peed 

Ked line of Oq ia much brighter | OF ii raiy faint, and 



1 the green of OF ie itronm In the pho^horoaeope 

1 the order of appearanee b,—Fnt the line of OF, thm 
tho red line tn Oq. 

0-5 

90-6 

1 

Phoajdioraeeea with dUBoulto, of a light bine colonr, 
but tumi brick-red in the Imui of the pole. Speotmm 
very faint. Order of appearance to phoaphoro- 
Mope —OF Fnt, the othen too faint to be leen. 


The next experiments were toied with strondnm, to see whst modi* 
flontion the addition of this body to yttrium would produce. The 
following mixtures of ignited snlphates were experimented with 


Yttrium. Strimtinm. 


the order of eppesrsniw Fust the green of OA 
then the CU blue, lattlr the red. No Oi dtroo 
Une could be Men. 

In the phoephoroeeope the green of OF u jery promi* 
nent st s low ipe^, itsnding ont ihsrply s^^inet s 
blsok beokgronnd. With • higher relmty the Os 
end Oq hnw come mto view 
The orduisiy epeotrum of thie and the neighboana|r 
nuxturee u very noh in the oitron line of Qt, but 1 
entirely £ul to eee s trsoe of thu line m the phoe* 
phoroeoope at any ipeed. The Une of OF u the Frit 
^ to oome, then the Une line of Oa. 

I At about thu point a change oomee orer the appearance 
I m the phoephorofoope. The Une line of Oa ii now 
I the earbeit to appear, and it u followed by the Oq 
rod and OF green. No OF line ia Men. 

I TheM nuxturee are eery limilar to eaoh other in the 
phoiplKHXMoope. The line of Os oomee Fnt, nest 
the Oq line, then OF Une. No OF oitron Une hse 
been Mon m any of thcM mixtoree. 


In a paper read before the Boyal Society, June 18th, 1885*, I 
deaoribed the phosphorescence siwetmm given hy a miztnre of 
• ‘ Thu. Ttmu188S, Fart II (p. 716). 
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61 part* of yttnnm and 39 parte of lamannm, and illoatrated it bj a 
ooloured bthograph Also in a paper read before the Boyal Booiet/, 
Febraary 26tb, 1886,* 1 described and figured tbe phosphoresoenfi 
speotmin of an earth obtained in the fraotionation of yttna whioh 
ms identical, chemically and speotrosoopioally, with an earth dis* 
ooTered by M de Mangnao, and provisionally called by him Y« I 
repeat here these spectra, with the spectmm of yttnnm added for 
oompanson Omitting minor details, it is seen that the Y« spectmm 



IB identical with that of the miztnre yttnnm 61, samannm 39, with 
one important exception—the citron Ime of G2 in the former speo- 
tmm IB absent in the latter Conld I by any means remove 08 ^m 
the miztnre of yttnnm and samannm the residne wonld be Ya I 
have little donbt that this will soon be accomplished, but in the 
meantime the phosphorosoope enables ns to remove the line of Q8 
from the mixture It is only necessary to add strontium to a snitable 
miztnre of yttnnm and samannm and view tbe phosphorescing 
miztnre m the mstminent when the wheel is rotating rapidly, to 
obtain a spectmm which u mdishngnishable from that of Ya 

In the search for bodies giving discontinnons phosphorescent 
spectra I have snbinitted a great number of earths and combinations 

* * Boy Boo Froc ,* vol 40 p SSd. 
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to tko eleotno duohwge m tmoo, and hare noted the nsnlte Am 
the enperftoial phoHphoreaoence apart from the oompoeibon of the 
emitted light haa formed the anbj^ of aereral recent papers bj mj 
fnend M Leooq de Boubaadran, before the Aoad^mie dea Soiencea, 
it maj be useful if I place on record some of the more striking 
facta which have thus oomo under my notioe The bodies are 
anonged alphabetically, and, unless otherwue explained, were tested 
in the radiant matter tube in the form of ignited sulphates 

Alumina, m any of the forms which give the onmson hue (X6942 
—6987) has a very persistent residual glow In the pbosphorosoopa 
rnbisa shine with great bnllianqy This phosphorescence of alumina 
has recently been the subject of a paper read before the Boyal 
Society * 

AiUtmot/iy oxide with 95 per cent of hme (in the form of igmted 
sulphate) White phosphorescence, the spectrum showing a btroad 
space in the yellow, cutting the red and orange off In the phoe- 
phoroscopes ^e residual glow is very strong, and of a greenish colour 
The spectrum of the residual light shows that the red and orange 
are entirely obliterated, leaving the green and blue rerylummous 
Antimony oxide with 99 per cent of lime gives a pale yellowish pbos- 
phoresoenoe, which on heating turns red In other respects it u like 
the 5 per cent mixture 

Areentou* amd with 99 per cent of lime gives a greenish>white 
phosphorescence like pure caloinm sulphate 

Banvm 5 per cent, calcium 95 per cent—The sulphates phoa- 
phoresoe green, with specks of yellow and violet The spectrum u 
continuous, with sbght concentration in the red, groat concentration 
in the green, and m the orange a broad black band hasy at the 
edges 

jBwmntk 15 per cent, calcium 85 per cent phoMphoresoes of a bright 
reddish-orange The spectrum shows a tolerably sharp and broail 
dark band in tbe red and orange, and a strong concentration of light 
m the green and blue, the spectrum being continuous and divided 
mto two parts by a black band in the yellow, as in the case of the 
antimony oaloinm spectrum In the phosphorosoope the red and 
orange disappear and the green and blue remam Bismuth 7 per 
cent, oaloinm 93 per cent —The action is similar to the 15 per cent 
mixture, except the colour of the phosphorescence, which ia whiter 
In the phosphoroBcope the red and orange below the dark bond is out 
off With 2 per cent of bismuth the same phenomena occur With 
0 6 bismuth ^ phosphorescence is gieenish blue and the spectrum 
IS oontmuons, with strong concentrations m ihe orange and green 
The phosphorosoope cuts off the red and orange 


• Boy Soo Proe ’ ml 48 1887 p S5 
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Oadmitum 1 per oent, oeloinm 99 per cent —Sinilar to o«lma» 
siilpbete, q V 

Oaletwn eolphate was prepared from a oolonrless and transparent 
rhomb of Iceland spar wbioh had been used for optical purposes It 
was dissolved in mtno amd, the nitrate was decomposed with distilled 
snlphnno acid, and the ignited sulphate tested m the tube The 
phMphorescence is bright greenish bine without hands or lines In 
the phosphorosoope the oolonr is a noh green the speotnun shows 
the red and orange entirely cut off, leaving the gnon and bine, the 
bine IS especially strong 

Galoinm sulphates prepared from Professor Breithanpt s oaloites* 
were re examined All phosphoresce with the normal greenish Une 
glow of oaloium, except No 11, which gives a reddish glow A 
minute traoe of samannm was found m this calmte, but not enough 
to aff^ the colour of the glow In the phosphorosoopei all the 
speounens give a contmnons spectrum beyond the yellow the red and 
orange being ont off as usual 

Ohromtun 6 pei oent, oalomm 95 per cent, as sulphates, gives a 
pale reddish jdiosphorescence In the phosphorosoope the oolonr is 
green, and the red and orange are ont off 1 per oent of chromium 
with oaloium phosphoresces gieeu in the oold, and becomes a red 
when slightly heat^ The behaviour of chromium with alnnumnm 
lias already ^n described f 

Oapptr sulphate with 95 per oent udoium sulphate behaves like 
calcium snlpliate 

Dvmondt phosphoresce of various colours Those gloaing pale 
bine have the longest residual glow, next oome those phosphoresomg 
yellow I am unable to detect any residual glow m diamonds 
phosphorescing of a reddish colour A large diamond of a greenish 
hue, very phosphorescent shmes almost as brightly in the phosphoio- 
scope as out of it 

Ohunna phosphoresces of a rich blue oolonr There appears to be 
no residual glow with this earth in the phosphorosoope 

Lanthanum —^All the specimens of Janthannm sulphate I have 
examined in the radiant matter tube phosphoresce of a reddish 
oolonr and give a broad hasy band m the orange, with a sharp hue 
—1/A*280—superposed on it This is identical with the line of Os, 
one of the constitnents of the samannm phosphorescent spectrum 
Calcinm added to lanthanum changes the colonr of the phosphoresoenoe 
from red to yellowish, mid brings out yttnum and samannm Imes^ 
these metals being present as impniities, the Ot and G« lines are also 
seen, but the space which should be occupied by the Q/i green is now 
11 daik space 1 have shown that when 02, Oe, and OjS are present 
• Fbil Tnni 188o Fart 11 (p 607) 
t Boy Ooo Froo wd 42 p 38 stssy 
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m 'tvj ranll q&Mititiies with hme, the line* of Qi and Qm are 
intennfled, while that of G/H la weakened Thu new result seems to 
show that if only a small traoe of Qd u present with limo and 
lanthanum, the green line is not only snppres^, but the quenching 
action has actually extended so far as to nentralise that pwrt of the 
oontinuous lime spectrum having the same refrangibihty as the Qfi 
line, the result being a block space in the spectrum In the phos 
pborosoope the line of G« u vuible at tho slowest speed, Ge comes ui 
at an interval of 0 0035 second, and the Gs lino immediately after¬ 
wards 

Lead sulphate, hy itself, in the radiant-matter tube glows with a 
nearly white oolonr, giving a oontmndns speotmm In the phos- 
phoroscope the red tmd orange are ent off, leavmg a strong oonoen- 
tration of light in the green and blue 5 per cent of lead added to 
oalcium sulphate phosphotesoea like hme 

Magneeia phosphoresces pink 5 per cent with lime, as snlphates, 
give a greenuh phosphorescence, wiUi a tendency to turn red as the 
powder heats As the Oriental ruby contains between 1 and 2 per 
oent of magnesia, a mixture was prepared of acetate of alumina 
with 2 per cent of magnesia, and tested after ignition It gave no 
spectrum or lines This was done to see if the aimson line of 
aluminium might be due to the presence of magnesia 

Ntekel added to calcium sulphate in the proportion of 5 per cent, 
makes no alteration in the usual phosphoresoent phenomena of 
calcinm 

Potaenum, 5 per cent, added to calcium sulphate gives a bright 
phosphorescenoe, and made the residual glow very persutent 

Samantm —The phosphorescent behavioni of thu body, alone and 
mixed with other substanoes, has been fully described m my paper on 
samarium * 

Scandium, either in the form of earth or sulphate, phosphoresoea 
of a very faint blue oolonr, but the light is too feeble to enable a 
spectrum to be seen Addition of lime does not bring out any bnes 
Sodium sulphate mixed with an excess of calcium sulphate gives a 
greenish bnge to the usual colour of tho phosphorescence The 
sodium line is visible in the spectrum 

Stnmtta in the radiant-matter tube glows with a noh blue oolouTr 
showing in the spectroscope a contmuons spectrum with a great 
concentration of light in the blue and violet In the phosphorosoope 
tiw oolonr of the glow u bright green, showing in the spectroscope a 
continuous spectrum, with the red and blue ends out off A mixture 
of caloinm sulphate with 5 per cent of strontium sulphate behaves 
hke calcium sulphate alone 


• Phil Trans 1886, Part H (pp foe-Wl) 
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Thorium, M oxide or anlphate, refnaes to* plioephoreaoe, end tbe 
tnbe rapidlj becomes non>ooiidootuig. A tnbe with thori* at one end 
and a phosphorescent earth snob as lime or yttria at iJie other end, 
and fnmished with a pair of polm near each end, at a partionlar 
exhaustion is non-oondacting at the thoria end, while it oondnots at 
the yttria end. If the wires of the induction coil are attached to tite 
poles at the thoria end, no onrrent will pass; rather thmi pass through 
the tube, the spark prefers to strike across the spark gauge—a striking 
distance of 87 mm.—showing an elootromotire force of 34,040 volts. 
Without doing anything to affoct the degree of exhaustion, on trans¬ 
ferring the wires of the induction coil from the thoria to the yttria 
end, the spark passes at once.* To balance the spark in air the wires 
of the gauge must be made to approach till they are only 7 mm. 
^part, equivalent to an electromotive force of 6440 volts; the fact of 
whether thoria or yttria is under the poles making a difference of 
27,600 volts in the conductivity of the tnbe. The explanation of this 
action of thoria is not yet quite clear, hhxim the great difference in 
the phosphorescence of the two earths, it is evident that the passage 
of the olootrioity through these tubes is not so much dependent on 
the degree of exhaustion as upon the phosphorogenio property of the 
body opposite the poles. This view is supported by the fact that the 
thoria may be replaced by a metal wire, when the same obstructive 
action will result. 

Lime does not give phosphorescent properties to thoria, if this 
oarth be pni-e^ but it brings out the lines of yttrium and samarium 
which are almost always present in smali quantities in thoria unless 
it has been specially purified. 

Tin with 95 per cent of lime gives the lime phosphorescence only. 

Thulium and erbium together phosphoresce with a green light, 
giving the erbium spectrum already described before this Society.* 
There is, in addition, a &int blue line apparently double (see 
“Ytterbium”). The addition of lime causes the mixture to phos¬ 
phoresce of a pale blue colour. The speotrum now shows a bright 
blue band, in the same position as the faint double blue band seen in 
the absence of lime. The blue line of Q* is also seen, and a faint line 
of Gj. The deep red line of Q'^, one of the constituents of the 
ordinary yttna spectrnm, is prominent in this spectrum. 

lungtten and uranium, each mixed with 95 per cent, of lime, only 
give the lime spectrum. 

Ytterbium .—I have not yet succeeded in preparing this body of 
trustworthy purity; but through the Idndneu of Professor CUve, 
H. de Msrignao, and Professor Nilson 1 have been enabled to 
experiment with speoimens of ytterbia prepared by these ohemiBt|. 


' Boy. Boa Froo.,’ voL 40, p. 77, flg. 1 (Jannary 7,1880). 
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PnleMor Cldre’s jtterbi*, in the form of Bolplinte, gives in the 
ndiant-matter tube a bine phospboreeoenoe, the speotmm of wbioh 
shows a strong double bine band,* together with traces of the Gd and 
the eri>ia green lines. The addition of lime broadens the bine band 
and makes it single. Professor Clftve wiitea that this jrtterbia may 
contain some traces of thnlia, perhaps also of erbia, but scaroelj any 
other imparities. Measnrements in the speotroecope give the follow- 
ing approximate resnlta. 


Boole of 
speotroMupe 

X. 


Romork,. 

8-63 

4626 

4678 

Commencoment of 6nt blue line. 

8-64 

4674 

4780 

Thu edge ii reiy Iimt. 

Centra of the flnt bine line. 

8-45 

4624 

4886 

Bnd of 6rtt blue line. 

8-44 

4618 

4898 

Centra of dork inteml between the 
two bine lines. 

8-40 

4476 

4094 

Centra of seoond blue line. This 
line is norrower thon the flnt 


The following are measurements taken with the mixture of this 
ytterbia and lime 


Boole of 

K 

1 _ 

Benurks. 





8-71 

4874 

4677 

Up to thu pomt thsn u the ooe* 
tiniunu speotmin of U-ooleinm. 
Hera 0 blook spooe oommenree. 

8-615 

4666 

4810 

Commeneement ot 0 hsiy bine bond. 

8-476 

4688 

4866 

Bnd of buy bine bond. Thb bond 
u at oonndenUe brillionoy. 


These bine bands are seen ranch fainter without lime, and are about 
as strong in the mixture of thnliaand erbia with lime described above. 
I ha d ascribed them to ytterbia, when Professor Nilson kindly 
forwarded me a small specimen of ytterbia, considered by him 
perfectly pure, and used for his atomic weight determinations. 
This ytterbia gives absolntely no blue bands. The origin of these 
bands therefore remains uncertain. 

e n>is b tlw bsod ipoksn of in 117 Bojnl Soobty p^er of Oth Jane Iwt (' Boy. 
Soe. Bioe.,’ toL 40, 1886, p. 607), prorisionally esUed By, and asoribsd to ytterbU. 
It bbnotdnstoyttsarbiaitbeTideaosofanewbody. 
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TtterUa from Profewor Kilwm, in the form of milphete, refoMi to 
phoaplioreaoe without the addition of lime. When Hme ia added It 
only bringe out traces of the phosphoreaoent bands of G«, G/3, and Ge. 
Evidently t^ese are impurities. 

Ytterbi^ from M. de Marignaois identical with that from M. OlAve, 
as fkr as my examination can go. In sending me this ytterbia M. de 
Harignac warned me that he was very far from thinking it pure. 

Yttrium .—During the fractionation of the higher fractions of 
yttria (+6,118 and 119), a very sharp green line sometimes makes 
its appearance, situated between G|3 and Q 7 (approximate position on 
the l/\* soalo, 325). It ia very faint, and is not oonnerted with the 
orange line of S^, although it is as sharp. The yttria showing these 
lines phosphoresoea of a transparent golden-yellow colour, the 
fractions at the other end phosphorescing yellowish green. 

I have previously described the action of a large nnmbetk of bodies 
on the phosphoresoenoe of samarium * The experiments resulting in 
the following obseiwations wero tried at about the same time. I will 
describe them in alphabetical order. Unless otherwise mentioned all 
the mixtures were in the form of anhydrous sulphates. 

Yitriim 5 per cent, aluminium 95 per cent,, gives a good yttria 
spectrum $ the blue lino of Gs is very distinct, and the doable green 
of G/3 is well divided. In the phosphorosoope the G/3 and Qm lines 
first appear simultaneously, then the Qi line. 

Yttrium 99‘5 per cent,, humuth 0’5 per cent.—The spectrum is 
bright, and on close examination a trace of samarium green, Gy, is to 
be detected forming a wing to the G< line. In the phosphorosoope 
the dtron line of G 2 entirely disappears and the samarium doable 
green line, which out of the phospboroscope is almost obscured by the 
great brightness of G 2 , now appears distinctly, togetlier with the green 
G /9 line Yttrium 95 per cent., bismuth 5 per cent., gives the usual 
yttria spectrum. No G3 line appeam in the phosphorosoope at any 
speed. At first only the G i line is seen, and next the Q» line appears, 
as in yttria. On gradually increasing the percentage of bismuth the 
speotrum of yttna grows fainter, until with 95 per cent, of bismuth 
the phosphorescence is bad and the spectrum faint. 

Yttrium 5 per cent., cadmium 95 per cent., gives a brilliant phos- 
phoresopnee, but the spectrum is almost continuous. In the phos> 
photOBOope a faint concentration of light is seen in the green, which 
becomes sharper as the speed increases. 

The action of calcium on the phosphorescence of yttrium has 
\ alreftdy been dasoribed. 

\ Irttrium and cerium .—Cerium has the effect of deadening the 

• " On BadUnt MsUer Speotrotcopy. TSrt 2—Ssawrium." < Phil. Trans.,’ 1888. 
Part 11 (pp. no-7M). 
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ImUiMioj of tho jttnmi apootrun in proportion to the quantity 
added All the buds romain of their normal sharpneaa 
Yttnum 6 pei cent, copper 95 per cent, phoephoreecea very 
frobly 

Ytirmm, 90 per cent, didymtum 10 pei cent —This mixture give* 
a good yttna apeotrum Tttnum 70 per cent, didymium 80 per 
cent, phoephoreaoea very fairly and givee all the usual hues 

Tttnum 50 per ceut, didymium 50 per cent, refhsea to phos¬ 
phoresce The tube is either too full of gas to allow the phosphor¬ 
escence to be seen or it becomes non conducting When the mixture 
is illuminated by the glowing gas the absorption lines of didymium 
the green are seen With higher proportions of didymium the same 
results are produced On adding 25 per cent of lime to the mixture 
oontaming 50 per cent of didymium the yttna spootrum is brought 
out very well Inme added to a mixture of 10 pet ctnt yttna and 
90 per cent didymium bnngs out the yttrium speotrum fairly, but the 
tube soon becomes non oonduiting 

YUrtum 5 per cent and gluotnum Oo per cent gives a bnght phos¬ 
phorescence, but the definition of the spectrum lines of yttna is bad 
Yttnum 5 per cent thalhum 95 per cent —No speotrum is given 
by this mixture it turns black and refuses to phosphoresce 

Yttnum 5 per cent, ttii 95 pei cent, phosphoresces faintly, the lines 
being very indistinct 

Yftrttm 5 per cent, tUantum 95 per cent, acts like thona, and the 
tube becomes non conducting 

TUratm 6 pei cent tungsten 95 per cent —This phosphoresces of n 
bnght yellow oolour, the spectrum is bnlliant but the lines are not 
sharply defined In the phosphorosoope tho colour becomes greenish, 
and the spectium shoes only the green lines of Qd 

Yttnum 5 per cent, nne 95 per cent —^Thc phosphoresoenoe is of 
a pale yellowish white, and the spectrum is veiy bnlliant, being equal 
to that shown by 30 per cent of yttnum with banum calcium, mag- 
nanain, or stiontium In the phosphorosoope the oolour becomes 
reddish, and the Qp green line is the first to come No citron line is 
seen If the yttnum contains a trace of samanum, the samanum 
spectrum, which is scaioely seen under ordinary oironmstanoes, now 
oomes out distinctly 

Ztno sulphate mixed with 95 per cent of calcium sulphate phos¬ 
phoresces a bnght bluish green colour, tho spectrum contains no 
bands or Imes 

Zinc sulphide (Sidot’s hexagonal blende*) —This is the most bnt- 
liantly phosphoresoent body I have yet met with In the vaounm 
tube it begins to phosphoresce at an exhaustion of several inches belowi 

• 'ComptMBendiif,’Tol «a 1886, pp 89»—1001 1 toI 68,1866 n? 188-16^ 
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• TManm. iSrst only a green glow can be seen, aa the ezhaniiioii 
geta batter a little bine phoapboreaoence cornea round the edges At 
a high exhaustion, on passing the current the green and blue glows 
nre about equal in brightness, but the blue glow vanishes unme- 
Uately the current stops, while the green glow lasts for an hour 
or more In the phoophorosoope the blue glow is only seen at a 
very high speed, but the green glow is seen at the slowest speed, and 
the body is almost as bright in the instrument as out of it Somo 
parts of a crystalline mass of blende which, under the action of 
radiant matter, leave a glow with a bright blue colour, leave a green 
residual bght when the current ceases, other parts which glow blue 
become instantly dark on stopping the ouirent 

The different action of calcium, banum, and strontium on the oon* 
stituents of yttnnm is an additional proof, if confirmation be needed, 
that the bodies I have provisionally called Gn, 6/3, 6 ^ &o„* are sepa¬ 
rate entities It may be aa well here to collect together the evidence 
on which I rely to support this view I will take the bodies 
tenaiim — 

Oa —An earth phosphorescing with a blue bght, and showing in 
the spectroscope a deep bine Imo, of a mean wave-length 482 
This earth ooours m different proportions in purified yttna from 
different minerals Samarskite, gadolinite, hielmite, monasite, xeno- 
time, euxenite, and arrhenite contain most Go, whilst fiuooente and 
oente oontamed notably less of this constituent The addition of 
lime brings out the phosphoreecenoe m Qs in advance of that of the 
other constituents The behaviour in the phosphorosoopo of Gs when 
mixed with the alkaline earths also points to a difference between it 
and its associates With lime the blue phosphorescent band of G« 
comes into view at a very low speed, the order of appearance with a 
small quantity of lime ^mg G/3, Go, Gd, and with a large quantity 
of hme, GS, Go, 0/3 Elmploying strontia instead of lime, the order 
of appearance in the phoophorosoope when the quantity of strontia 
IS small IS Qp, Qa, G^, and when the quantity of strontia is in excess, 
Ga, Gif, Qp Baryta in small quantity bungs out the lines m the 
phosphoro^pe m the following order Qp, Go, Gif, but when the 
haiyta is m excess the order is Qp, Gif, Om The chemical position 
taken up by Ga m the fraobonation scheme precludes it from being 
dne to the bodies 1 have called Qp, G 7 , Ge, Gf, S 7 , or St It closely 
aooompames Gt (the earth giving the atron line), conoentratitag at 
the least basic end, and I have not yet succeeded in effecting a sepa¬ 
ratum of the two If therefore, Ga is not a separate entity, its blue 
line must be due to the oitron-baad-forming body called Qi The 
difference between Oa and Gt is brought ont in a marked manner by 


• • Boy Soe Fioo,' toI 40,1886, p 809 
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ihe phosphorofloope when baryta or strontia is present the citron 
line of G« hoing entirely suppressed while the blue line of 0« is 
hionght out with enhanced bnllianoy lor these reasons I am in« 
olined to regard Gs as a separate body although the evidence m 
fai our of this view is not so strong as in the case of some of its other 
associates 

0/3—An earth phosphoiescmg with gioen light, and showing in 
the spectrubcope a close pair of greenish blue lines of a mean wave- 
lenguhof 545 This earth can be separated by chemical fiactionation 
from the other constituents of yttrium It concentrates at the most 
basic end, and is present m the samarium which invariably makes ite 
appearance at this end of the fiactionation of yttrium It is one of 
the prommeut lines in Ya where also it accompames some of the 
samaiium Imes G/3 however, is not a constituent of samat lum, for 
it 18 easy to panfy samarium by chemical means so that it docs not 
show a trace of the Q/3 green lines although it is very difhcnlt to get 
G/3 froe fiom some of the samaiium lines The lesidual phosphor¬ 
escence of G/3 IS very considciable intl its gieen Imes show first in 
the ph Jt>phoroscope when only yttiinm is present The addition of 
hmo keeps back the glow of G/3 aud hnnga forwaid that of Gr 
Strontium and haiium act on G/3 vciy differently to hmo A small 
quantity of stiontium brings forwaid the ipsidual glow of G/3 whilst 
in large quantities strontium keeps the phosphoresoonce of Q/3 back 
to the last 

Q(y —An earth phosphoroacmg with a green colour, and showing in 
the spectroscope a green line having a wave Icngtli of 5b4 1 bis u 

one of the least definite of all the supposed new bodies It appears 
to be a oonstituont of samannm ociurnng in tho fractionation of 
}ttnum among the most basic cmntitnents connecting yttiinm and 
samanum Its point of maximum intensity is chemically, leiy well 
maiked and is at a different part of tho fra^ionation scheme to those 
of the other lines of samannm espicially Go On dilution with lime 
the phosphorescent lino of G 7 vamsluR before that of Gc 

Gf—An eaith phosphorescing with a citron coloured light, and 
showing m the spoetroscope a cition 1 no having a wave length of 574 
GS 18 one of tho least basio of all the bodies associated m yttrium, 
oooun ng almost at one extremity of the fractionation It is not 
very ditfacult to separate chemically Gi from all the othei accompany- 
ug bodies cxoipt the one which 1 have called Oa (giving the deep 
blue lino) Not only can Q« be obtaim d freo from the other four con¬ 
stituents of yttiinm, but the body called by M do Maiiguao Ya is a 
proof that the other four components of yttnnm can be obtained quite 
free from Qd Lime intensifiis tho phosphorescence of Go and* 
deadens that of G/3, while strontium has the opposite action 
behanour of Go m ihe phusphqrostope, when mixed with lim 
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■trontia, or baryta, also affords a strilcing ovidenro of individnalitj, 
lime enhanojog the i-esidnal glow, while Bbrontia and baryta altogether 
suppress it. 

Ge.—An earth pbospborosciog with a yellow colour, and, in the 
spectrosuope, showing a sharp yellow line having a wave-length of 
59r. It IS seen in the samarinni spectrum as a shsrp yellow lino 
superposed on a ha*y double band. As I have already pointed out, 
Gs^fraetionates out high up among the most basic earths, and gener¬ 
ally acoompanies lanthanum. In tho phosphoiosoont spectruEU of 
lanthanum the lino Q* is seen quite free from the lines of other 
bodies. 

Of.—An earth phosphorescing with a rod light, showing in the 
spectroscope a red lino of wave-length Old This body is always more 
plentiful in yttrium obtained from samarskito and cente tlfan from 
gpdoliuito, biolmito, and enxeiiito, and is almost absent m yttriaui from 
xenotimo. Gf is of about iuterniodiato basicity Working with 
samarskito yttria, Gf becomes m<»t brilliant after the hue of G 7 
has completely disappeared Further fractionation causes the line 
of Qf to fade out, and tho citron and blue lines are then loft. 

The phosphorescence of Gf ia developed to a different extent 
according to tho metal with which the yttria is mixed. The onlei*^ 
(beginning with the substance having tho greatest action) is siroo- 
iiium, tin, alummium, bismuth, gluotnnm. 

G 7 .—^An earth phosphorescing with a deep red light, and showing 
in Uie speotrosoope a red line having a wave-lengtli of 647. Like its 
fellow red ooustituent, G 7 occurs most plentifully in samarskito 
yttrium, and scarcely at all in yttrium from hielmitc, euxenite, and 
oeritu. It is tho first of tho stnotly yttrinin constituents to separate 
oat, on fractionation, at the most buio extremity, leaving Go, G/9, Qt, 
and Gf. In almost all samples of yttria, except when very highly 
pnrifled, G 7 is soon voiy brilliantly, and by its side can be detected the 
faint red band of samarinm In the pliosphoroscope the line of G 7 ia 
the last to appear when yttria alone is being observed; strontia and 
baryta enhance the residnal glow of G 7 , strontia in moderate 
quantities bringing it oat before that of Ofi, while baryta biinga it oat 
after 00, 

8S ,—An earth giving in the spectroseopo when phosphorescing a 
very sharp oi-ango line of wave-lenglh 609. I have already* dis- 
onssed the claims of this earth to bo oonsidered a separate entity. It 
ia not present in the rare earths from gadolinite, xenotime, mouasite, 
hiehmte, enxenito, and arrhonito; it is present in small quantity in 
lorite, and somewhat more plentifnlly in samarskito. In samarskite 
ttrinm it concentrates at a definite part of the fractionation. Ita 
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Hharp orango lino is not Htrong enough t« bo seen m tho phosphoro- 
scopo A little calcium entirely snpprosbos tho orange lino, while 
samarinm oi yttrium bcems to intensify it > 

In addition to the above eaithe, it le not improbable that the sharp 
gioon line (1/X®325) mentioned undei the hooding “Yttrium” 
may bo oansed by still another oarth 

The brilliant and clinmoteiistio spark spectia yid led when certam 
elements aio lolatiliscd and rtudeied incandeseeni by tho spark fiom 
a powerful induction coil are relied on by chemists is an indisputable 
proof of the identity of such elements Beanng this m mind I have 
endeavonied toasceitam how these yttnnm constituents wonld beliave 
in respect to tho spaik speetium Do tho definitt system ot lints in 
tho old yttrium spaik spectrum belong to one constituent only or are 
tho yttrium lines bioken up and distiibutod among tho different 
bodies I have designated as Oo, G/3, Ac p Also do the other oon- 
stitiienta |ioshoss special spnk spectra of their own P Veiy cartful 
and long continued cxpeiiments have shown mo that neither of these 
hypothetical cases occur 

The spaik spectrum giscn by old yttrium is shown in the drawing 
(fig 5) It IS chiefly characterised by two very strong groups of 
lines in the led and orange I now take the earth G8 This occurs 

hio 5 



near one end of tho fractioning, and not only differs from tho paiout 
yttrium m its phosphorescent spoetnun, but by virtue of tho process 
adopted foi its isolation it must hkowiso differ in its chemical pro¬ 
perties On examining its spark speetium 1 see absolutely no 
difference between this spectrum and the one given by old yttnum 
I now pass to the other end of the fractionation of yttnum, where 
occurs a concentration of a body giving a totally different phospho¬ 
rescent spectrum to the one at the first end And it also differs 
chemically from old yttrium, and m a more maikod manner from its 
brother, Gf, at the other extremity of the fractionation Here again 
its spark speotrnm is perfectly identical both with old yttnum an^ 
with Gf, and however closely I examine >> a three spectra in mi 
laboratory, the whole system of lines is still identical 
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Bexpeoting tbe theoretical conaiderahonB mrolyed in these resalta, 
I see two possible explanations of the facts bronght forward Ac¬ 
cording to one hypothesis, lesearoh has somewhat enlarged the field 
lying between the indioabons given by ordinary ooarso ohcmisbT’ 
and the searching somtmy of the pi ism Oar notions of a chemical 
element have expanded Hitherto the mokcnle has been regarded 
as an aggregate of two or more atoms and no aooonnt has been taken 
of the architectural design on which these atoms have been joined 
We may consider that the stmetnre of a chemical element is more 
complicated than has hitheito boon supposed Between the molecules 
wo are accustomed to deal with m cnemical leactions and the 
ultimate atoms oomo smaller molecules or aggregates of physical 
atoms these snb molocules diffei one from the other, aocoiding to 
the position they ocenpied in the yttiinm odifice » 

An alternative thooiy commends itself to chemists to the effect 
that the various bodies discnssed above arc now chemical elements 
difFeiing fiom yttiium and samarium in basic powers and sevend 
other ohomiral and physical propcitios but not sufficiently to enable ns 
to effect any but a shght separation Ono of these bodies, 6i gpves 
the phosphorescent citron line and also the bnlliant eleotnc spectrum 
The other seven do not give etectiio spectra which can bo recognised 
in the ptesenco of a small quantity of 03 whilst the eleotno spectrum 
of Qf IB so sensitive that it shines out in undiminished biilliancy 
even when the quantity piesent w extremely minute In the pj icess 
cf fractionation, Gs, Qft, 0«, Ac aie spread out and moro or less 
separated from one another yet the sepiration is imperfoot at the 
best, and at any part there is enough 03 to reveal its piesonoe by 
the sensitive electric spark test The arguments in favrni of each 
theory are strong and pretty evenly balanced The componn 1 mole¬ 
cule explanation is a good working hypothesis, which 1 think may 
account for the facts, while it do» not postulate the rather heroic 
alteinative of calling into existence eight oi nine now eltmints to 
exjilain the phei omcna Howeser 1 hubmit it only as an hyp tl isis 
If further losoarch shows the new element theory is more reason ible, 
1 shall bo till hist person to accept it 

Neither of these theoiies agrees with that of M Lecoq de Bois 
baudran, who also has worked on these eaiths for some time He 
considers that what I haie called yttiinm is a tine element giving 
a oharaetenstio spsrk spectium but not giving a phosphorescent 
specti urn tn vacua The bodies giving the phosphorescent speotia he 
considers to be impurities in yttrium These he says are two m 
^number, and he has proiisionnlly named them Z« and Z/3 By a 
method of his own, differing from mine, M de Boisbaudian obtains 
moresceut spectra of these bodies, but then fluorescent bands are 
vtremely hazy and fiint, rendoiing identification difficult Some 
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of them fall near lines m the spectra of my Op and At fiist 
Bight it might appear that his and my spectra were dae to the 
same bodits, but according to M de Boitbandran, the chemical prc« 
perties of the earths prodacing them aie widely distmct These 
giving phosphorescent lines by my method ooenr at the yttrium 
extremity of the fractionation wheie his fluorescent bands are scaicely 
shown at all, whilst his fluortaccnt phenomena axe at their maxi¬ 
mum quite at the terbium tnd of the fractionation whero no yttnum 
can be detected even by tho direct spaih, and where my phospho* 
reccent linos are almost absent 
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Febiuary 24 1887 

PiofesBor STOKFS D CL President, in the Chau. 

The Piosents received were laid on the iablo, and thanks ordoied 
for thorn 

The following Papers were road — 

I “Pioblems in Mechanism regardmg Trains of Pullojs and 
Dmms of Least Weight for a given Velocity Ratio ” By 
Hlnht IlfNNFSbY, FRS ProfiRsor of Apphtd Mathc- 
maties and Mechanism in the Royal College of Science, 
Dublm Received Febiuaiy 7,1887 

Eighty jeaiB have olapsod ainoe Dr Thomas Young* published a 
theorem which has since found a placo m most of the soientifio 
treatiBos on mechanism This theorem states that m order to obtain a 
given value or velocity ratio a tram of toothed wheels and pinions 
of which all the pans are equal, the ratio of the number of ticth in 
each wheel to the number in each pinion should be as 359 to 100, 
when the total number of teeth in the train is the least possible The 
late Professor Willis has remarked that the rule deduced from this 
theorem seemed not to havo mneh practical utility, but he illnstratos 
his remarks by referring to the trains of wheels and pinions em 
ployed in clockwork As trains of wheels, pulleys and diums, are 
lordly employed m many machines whose arrangements gieatlydiCor 
from clockwork and especially in the processes of teztilo manu¬ 
facture, it may be interesting to examine whether there are not other 
conditions besides the number of teeth, which may be economised m 
the transformation of a movoment of rotation from a moderate rate 
of velocity to a very high late of velocity t As tho numbei of teeth 
on a wheel or pmion is proporhonal to the circumference of the pitch- 

* ‘ IfatnTsl Philosophy Tol 2 p 69 4to 1807. The prefaoe to this Tolnme 
IS dated If arch 1807 

t In some spinning maohmsi it is said that the spindles rotate with veloaties 
of from COOO to 7000 turns per minute and 1 igh velocities are also often reqmred 
for reels bobbins and fliers Between these rapidly rotating parts of the machines 
and the prune mover trains of pulleys drums or wheels are usuidly interposod tbe 
value of each such tram depending on the required morease of velocity —[Fob 81, 
1887] 
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circle, it mmj be understood as giving a mle for dedncing the ratio of 
the diameters of the wheels and pinions so that the snm of all their 
oironmferencea shall be a minimnm. Although economj of the oir* 
cnmforences of wheels, speed pulleys or drums in a train may not bo 
of much importance, is it not ^ssiblo that economy of total weight 
of material employed may be worthy of inquiry P Reduction of weight 
in tho parts of a machine is not merely economy of materials em¬ 
ployed in the structure, but in the caso of moving parts it involves 
economy of work by lessoning the rosistancos duo to friction. The 
following problems have arisen from such considerations, and in all of 
them, as well as in that studied by Young, if we oall m the number of 
similar pairs of wheels, speed pulleys or drums, C the circumference 
of a laige wheel, Ac , and o of a small onu in the samo tram, the 
velocity ratio or value of the tram u will bo— 

«=(C/o)- = (B/V)- = *-, 


whore x represents the ratio of the radii B and r of a large and a 
small wheel or pulley. In all such problems wo have therefore 

ffl =:logu/logai, 

and whether tho question relates to tho volume or circnmfei-ence of 
tho wheels or pulleys the usual operations of the calculus will in 
every caso lead to a minimum. 

The volumes or circumferences of pairs of pulleys or wheels with 
radii having the ratio x may in general be expressed in tho form 
Fx = a+hs+raH, where a, 6, and e are constants. On multiplying 
this by m we Lave— 

V = 

log* 

Hence 

log u dsB log X x(log xy 

JL<^_ _ 2F'ai I F* 2Fai 

logo <le*, lo^a (B(logx)^ !B^(logi8)^ **(log.e)* 


But as 


_ F"a Fj» _2 / F'a _ Tx 

~ log X ^ a^(logji)^ X log X \log X x(log x') 


dx ’ log* *(logat)* 
/'pV'x _Z?_\ 


and 
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and from the form of F'j; m these problems V"» and Fx are positive, 
therefore most bo always a positive quantity; whence the 

value of X obtained in all such problems makes V a minimum. 

Small pulleys carrj inpf cui*ds are usually made sohd and approxi¬ 
mately cylindrical, in a tnwn of such pulleys the volumes of the 
lai^ and small eyliiidcm may bo denoted by vhll* and vhi*, whero 
h is tlio common tliickuosa of each cylindrical disk; the total volume 
of the tioinwill theroforo ho— 

V = = mvlr*(R»//^ + l), 

or using the preceding notation, 

V = (l+a») = 

logv ' ■' log* 

l_dV _ 

K dx /(logx)* ’ 

which gives loga = ^(1+»“*); 

this equation is approximately satisGcd by making ir = 1‘895. Hence 
the ratio of the radii may bo practically set donu as 19 to 10 for a 
train of pulleys of minimum volume or least weight of material. 

In drums the surface currying the band is hraad, and this surface is 
commonly supported by spokes nbioh radiate fi-om the axle, while 
sometimes, as in pulleys, the drum consists of a disk with a broad 
hoop If the thickness of the hoop and its disk arc eqnal, a problem 
similar to the foregoing can he easily solved. The question is, in a 
sorios of large and small drums if all the largo are equal and also all 
the small, required the ratio of their diameters so that the entire 
train shall luivo the least volume for a given velocity ratio. Let t 
he the uniform thickness of the disks and hoops of the drums, R and 
r the radii of a small and a largo disk, b the breadth of the hoops, we 
shall have fur the total volumo of the tram 

V = »i»-[2(R+r)f6+<(R?+r»)], 

when t is so small compared to R, r, and that quantities multiplied 
by (*, &o , may bo omitted. 

The above may be written 

^ = n^C2(««+W+«» + l]. 

which gives, by the usual process of making dV/dx = 0, 


= ^(^+l)blr+d»+l 
2x(blr+») 
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In the particular case whore r ia a multiple of b, or r =s nh, 


and if n = 1, 


lojf.e 


2(.f+l)+f,(.r3 + l) 

ix{nx+l) ’ 


logJ 


l + (.r + l)i‘ 

2«(J+1) • 


This equation gives a = 221 nearly, or praelically a ratio of 11 to 
a lor the di.imoterB of the large and amall drums in such a train nb 
has been indicated. 

Although it is manifest that tho volume of a single pair of pulleys 
with the same velocity ratio as this train of five pairs would he con- 
snlemhly greater, it may be intci-esting to make tho comparison. If 
B' be tho radius of tho large pulley in tho single pair, and os before 
r of tho small pulley, then R' = «r, and the volume of the pair 
V' = As before, the volume of tlio tram is V = 


Hence 


T. - 

V “ b(.^ + 1) 


If j! I'O and w = 5, we shall have V'/V »= 26 Ci, or the volume of 
a single pair would be more than twenty-six times (he volume of a 
train of five paiisi with tho same velocity ratio. 

Anotlier solution can bo cosily found if a train of drums wui-o so 
construeted that the volume of the spokes snpportmg tho hoop of 
caeh drum would bo lialf the volume of a complete i^isk, in this 


V = mvt[2(R-»-r)6-*-i(R^+r»)] 


and if wo moke b = r, this gives, from tlYjdx — 0, 


logjr = ■ 


24j;-t-2) • 


which is satisdod by making x = 2'55, or the diameters of the laigo 
drums would ho to those of the small drums in the ratio of bl to 2U 
in a train of least weight of drums snoh as liei-e desonbod. 

If m this oase h in all the drums instead of being equal to r was 
equal to the greater radius R, we would have evidently 
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This will bo satisfied by making x somewhat less than 1 Q, so that 
in this case tho ratio of the diameters of the drums woold bo a littlo 
loss and very close to tho ratio found foi tho pulleys 
In order to illnstrato the foiogoing problems a model of a train of 
pulleys and another of a tram of drums made of biass were con¬ 
structed by Mr Yatos In the tram of pulleys all the large ones are 
1 1 inelips in diametei, and all the small are 1 inch Each of the former 
weighs 2bl oz and each of the lattei 1058 or as there aie five 
pairs their total weight is 18 140 os while they give a velocity ratio 
of (1 9)‘ = 24 761 01 a littlo more than 2 If 
The train of drums eonsists of largo ones with diameteis of 2 55 
inches and small of 1 inch, tho hoops are in all 0 5 inch in breadth, 
and tho spokes are half tho volume of a comploto disk The weights 
of tho largo drums arc each 3 38b or of the small 0 811 oz 

There are four pans of drums and their total weight is 16 788 oz , 
or little more than 1 lb 

1 he velocity ratio of this tram is (51/20)* ^ 42 2825 or a little more 
than 42^ 


II ‘On tho Bolution between Tiopical mil Extia-Tropical 
Cyclones ” By Hon Ralph Aberchomby, B"* R Met boo 
Conunnnicatcd by R H bCOTi, M A, F R b Received 
Februaiy 7, 1887 

(Abstract) 

The conclusions as to the relation of tropical to extra tropical 
cyclones which tho author has derived from the researches ot which 
this paper gives an account, may be stated thus — 

All cyclones have a tendency to assume an oval form, the longm 
diameter may he in any direction, but has a decided tendency to range 
itself nearly in a Ime with the direction of propagation 

Tho centre of tho cyclone is almost invariably pressed toward one or 
other ond of the longer diameter, but the diaplaoement may viiy 
dming tho courso of the same depression 
Tropical hnmoanos are usually of much smaller dimensions than 
e\tra-tropical cyclones, but the central depression is much steeper, 
and more pronounced in the former than in the latter 

Tropical cyclones have less tendency to split into two, oi to develops 
secondanos, than those in higher latitudes 
A typhoon which has come from the tropics can oombme with a 
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cyoloae that has been fonned outside the tropios, and form a single new, 
and perhaps more mtense, depression 

No cyclone is an isolated phenomenon, it is always related to the 
general distribution of pressure in the latitudes where it is generated 
An area of tzcessivo pressure, with unusually fine weather, precedes 
most oyclonos Though the nature and origin of this high barometer 
IS ^ery obscure, the general character of the formation, and the 
weathir associated with it, appear to be the same everywhere 
In all latitudes a cjclono which has been genciated at sea appears 
to haie a reluctance to traverse a land aroB> and usually breaks up 
when it crosses a coast Imo 

Aftci the passage of a cyclone m any part of the world, there is a 
remarkable tendency foronothcr to follow veiy soon, almost along the 
same track 

The velocity of piopagaiion of tiopical cyclones is always small, 
and the aieiagc gieatly less than that of Eniopcan depressions 

There IS much less diffeienco in the tompeiature end humidity before 
and after a tropical cyclone than in higher latitudes The quality of 
the heat in front is always distressing in every part of the world 
The wind rotates counterclockwise round eveiy cyclone m the 
Northern Hemisphere, and everywhere os an ingoing spual The 
amount of incurvature for the same quadrant may vary doling the 
course of the same cyclone, but in most tropical hunieanis the 
incurvature is least in front, and gieatest in rear, whereas m England 
the greatest ini uivature is usually found in the right front Some 
observers think that broadly speaking the incurvature of the wmd 
decreases as we recede fiom the Equator 
Ihe velocity of the wind always mcicoses as wo approach the centre 
in a tropical cyclone, whereas in higher latitudes the stiongcst winds 
and steepest giadionts are often some way from the contie In this 
pecnliaiily tiopical cyclones appioximate more to the type of a 
tornado, but the author does not think that a cyclone is only a 
highly developed whirlwind, as theio are no transitional forms of 
rotating air 

The general circulation of a cyclone, as shown by the motion of the 
clouds, appears to be the same eieiywheie 

All ovti the world, unusual coloration of the sky at sum iso and 
snnaet is obsei ved, not only before the bolometer has begun to fall at 
any place, but before tno existence of any depression can be traced 
in the neighbonrhood 

Girms appears all round the elond area of a tropical cyclone, instead 
of only round the front semiciiele, asm higher latitudes Iho stripes 
of eiirns appear to he moie ladially from the centie m the tiopioa, 
than tangentially, as indicated by the researches of Ley and Hdde- 
brandsson m England and Sweden respectively 
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The general oharaoter of the cloud all round the centre is more 
uniform m than oat of the tropics; hnt still the olonds m roar are 
always a littlo harder than those m front. 

Bvory where tho r.un of a cyclone extends farther in front than in 
pear. Cyclone rain has a specific character, quite different from that 
of Rhowei-s nr thunderstorms, and flits character is more pronounced 
in tropical tlian in extra-tropical cyclones. 

Thunder or ligltfning is rarely oliservcd in tho heart of any 
cyclone, and the alwenre of electrical discharge is a very bad sign of 
the weather. Thundorstorms are, however, abundatil ly developed on 
the outskirts of ti-opical hurricanes 

Sipalls are one of the most cliaracteristio features of a tropical 
cyclone, where they surround the centre on all sides; whereas m 
Great Britain, squallh are almostexclasivclyformcd along that portion 
of tho lino of tho trough which is south of the centre, and in tho 
right rear of the dejiwssion. As, however, we find that the front of 
a British eyolone tends to form squalls when tho intensity is wory 
great, tho inference Rooms justifiable that this feature of tropical 
hurricanes is simply due to their exceptional intensity 

A patch of blue sky, commonly known as the “ bull’s-eye,” is 
almost universal in tho tropics, and apparently unknown in higher 
latitudes. The author’s researches show that m middle latitudes the 
formation of a “bull’s-cyo” does not take place when the motion of 
translation is rapid; but as this blue space is not observed in British 
cyolonos when they are moving slowly, it wonid appear that a certain 
intensity of rotation is necessary to dovelope this phenomenon. 

Tho trough phenomena,—sncIi as a squall, a sudden shift of wind, 
and change of cloud oharacter and temperature, just as tho barometer 
turns to liso, even far from tho centre—which arc such a prominent 
feature in British oyolonos, liavo not been even noticed by many meteor¬ 
ologists in the tropics. Tho author, however, shows that there are 
slight indications of these phenomena everywhere; and he has collated 
their existence and intensity witli the velocity of propagation of tho 
whole mass of tho cyclone 

Every cyclone has a double symmetry. One set of iihenomona, 
snob as tho ovfd shape, tho general rotation of the wind, the cloud 
ring, rain area, and central blue space, are more or less related to a 
central point. 

Another set, such as temperature, humidity, tho general oharaoter 
of tho clouds, certain shifts of wind, and a particular lino of squalls, 
are more or less related to the front and rear of the line of the trough 
of a cyclone. 

Tho anther’s researches show that the first sot are strongly marked 
in the tropics, where tho circulating energy of the air is great, and 
tlib velocity of propagation small; while the second set ore most 
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prominent in oxtra-tropioal oyclonei, whore the rotational enorgj la 
moderate, and the tranalational velooitj great. 

The first sot o{ characlorutics may oonvciiiently bo classed together 
as the rotational; the second sot as the translational phenomena of a 
oyolone. 

Tropical and extra*troptcal cyolonoa are identical in general oha« 
raoter, but differ in certain details, dno to latitude, surrounding 
presBuro, and to the relative intensity of rotation or translation. 


in. “ A Thermal Teh-plioiie Tranemittor.’’ By Prof. fiEbROE 

Fohues. (lommunioated by Lord Il-VYLEKiH, D.C.L., Sec. 

R.S. Bocoivecl February 12, 1HH7. 

We have had so much evidence of the sensitiveness of the Boll 
telephone receiver to the minutest changes of ciin-ont, that wo 
have ceased to bo surprised at any twinsmilter which rc'iionds to 
the sounds of articnlato speech. Bnt, in the instruiiient now bliown, 
it was BO extremely unlikely that wnsiblo variations of cnri-ent 
conld bo prodneod with snfiSoient rapidity, that oven now there is 
perhaps some interest attached to tho experiment. A wooden 
cylinder was used closed at one end. A saw cut was made ocrobs 
tho diameter of tho clobcd end, making a fine slit. In the slit 
was stretched a platinum wire, OOOl inch diameter and 2 inches 
long, with its ends connected by copper wires through tho primary 
of an induction coil to a battery sufficiently powerful to make the 
platinum wire red hot. On connecting the secondary circuit with 
a receiving telephone in a distant room and speaking into tho 
wooden cylinder, the words aro reproduced and hoard in tho tele¬ 
phone. ]^h vibration of air in tho slit cools the platinum wire, 
diminishing its electrical resistance, and increasing tho electrio 
onrrent. Tho woi-ds transmitted are not quite perfect, the higher 
harmonics being wanting. It requires some attention to make out 
all tho words of a sentence. A bniss cylinder instead of tho wooden 
one, and a Wollaston platinum wire of excessive fineness have been 
used without materially altering the clearness of the articaI{ition. 
Platinum foil has hitherto given no sound of tho voice. Tho slit in 
the brass instrument is made of glass to prevent the short-circuiting 
and destruction of the platinum wire. 

Wires from one to three inches in length have been need. The 
longest ones are best No distinct articnlation is beard if the wire 
bo not red hot. Tho hotter tho wire the better is tbe articulation. 
An adjnstible Edit was tried and tho narrow slit gave the best 
resnlts. Mr. Preece some years ago used tho expansion and eon* 
traction of a fino platinum wiro to act on a diaplu-agm, and so servo 
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as a receiver The artionlation aeenu to have been about the eame 
in quality as when the new transmitter u used with a Bell reoeiver 
These new experiments bear oat all that Mr Freece said about the 
rapidity of variation of tomperatare which can be piodnced in a fine 
platinum wire They may also be perhaps of some interest from other 
points of view but they are not likely to lead to any results of 
practical importance It is probable from the thooiy of the instru¬ 
ment that the tones are rai^ an octave, as is also the case m the 
Proooo receiver 


Presents, tehuary 24,1887 

Transactions 

Baltimore — Johns Hopkins University Studies Historical 
and Political Science Fifth Senes No ? 8vo BiXfxmore 
1887 11th Annual Report 8vo Baltimore \88G 

The University 

Berlm —Physikalische Gesellsohaft lortschntte der Physi 
imJahrel879 Jahig XXXV 8vo Berlin 1885-86 

The Society 

Gambiidgo Maas —Harvaid College Annual Reports 1886-86 
8io Cambridge Mass 1887 The College 

Delft —1 cole Polyteohnique Annalee Tome II Livr S-4 4to 
Leide 1886 The School 

Gottingen —Elonigl Qtsellschaft der Wissensohaften Naoh- 

nehten 1886 Nro 1-20 8vo Qottxnjen The Society 

Heidelbeig —Natnrhisfoiisch Modicinischer Verein Verhand- 
Inngen Band III Heft 1 8vo Heidelberg 1884 

The Association 

Umveiaity Almanach 1886 12mo Hetddberj, Inaugnral- 
Diasertationen &o 188( 8vo Heidelberg Urkundenbuoh 
der Univtrsitat Heidelberg 2 Vols Large 8vo Heidelberg 
1880 Die Altcste Zeit det Universitat Heidelberg 1386-1449 
8vo Heidelberg 1886 htslredo sur FUnfhundertjahngen 
Jnbelfeiei 4to Htilelhirg 1880, Festschrift der Badisohen 
Oymnasien 4to Karlsruhe 1880 Beitrage sn oiner Biogra¬ 
phic Ottheinnchs (hestschrift) 4to Heidelberg 1886 , Ueber 
die Lehenbuoher dor Knrfurstcn und Pfalsgrafen Fiiedrioh I 
nnd Lndwig V 4to Karlsruhe 1886, Ruperto Garola lUustnrte 
lest Chiomk der V Sacnlarfeier der Universitat Heidelberg 
Folio Hculelbirg 1880 The University 

Li^ge — Soci5t6 Royale des Sciences M^moires l^5r II lomelS 
8vo Bruaelles 1886 The Society 

London —General Medical Conned Third Report of the Statistical 
Committee 8ro London 1886 The Council 
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8vo. TjoiidiM 1887 Tlio Society. 

Institution of Civil Engineers Minnies of Pmcceilings. Vol 
LXXXVII 8vo Ijondiin 1886 The Institution, 

llojal Mieroseopieal Swiety. Journal 1887 Part 1. 8vo 
Ltmihii The Society 

St Hnrtlioloinew’a Hns|ntitl Rejiorta Vol. XXII Hvo fjinidov 
1886 The Uospiial 

Society of Hiblicul Arcliusilogy Pmceeilings Vol 11. 8\o 

TumthtH IHHO The Soeiety 

Middelhiirg Zeeuwseh Qenoolscliap dor Weteiiscliiipjicn Verxa- 
nielnigcn lK8f>. Hvo [MUhiflhimj Mr A H White. 
Moscow — Miisi^o Etlinograpliique Daschkow Reeiioil de Matdri* 
mix pour I’Eilinugmpliie fRuHHian] Ijivr 1-2. 8\o Montnu 
lH8.'i 87 (jtuido to Ihe Muhouiii | Russian] Sm Hvo Jlffwcmc 
1880, Guido to the Colleetioii ol Porirails [Ruasiun] Sni 
8vo Aldttoin 1887 Tlio MuHoiini. 

NeweaBtlo-iipoii-Tyiic—North of England Institute of Mining and 
Meoliiiuical EiigiiM'ei's Transoetiona. Vol XXXVI. Part 1, 
8vo Newrtu>flf 1887 The Iimtitute 

PariB. So<>iot(5 Matht'matiquo de Pranct> Jliilletin Tome XIV, 
No .'i Hvo Vaiu 1886 Tin* Society. 

Tokio—Impnrial Uqivcrsily of .Tapnn Onloiidar. 1886-87 Hvo 

Tokyo 1886 The Univoraity. 

Utrecht — Nederlandaoh Gasthuis voor Ooghylcin Verslag. 

XXV [1 8vo f/trcc/ii 1886. The Hospital. 

Vienna Verein der Geognqiliori an der Uiiivcrsital Bericht iibej- 
das XI Voroiiwiahr. 8vo. Wten 1886. The Association 


Journala. 

Annales di-s Mines. S6r VIII Tome 10 Livi 5 Hvo Pari* 1887. 

itcole dea Minos, Paris. 

Asclepiiul (The) Vol. IV No 13 Hvo. London 1887 

ilr Richardson, F.R S. 
Bnllettuio di Bibliogratia o di Storia dello Sciouse Matomatiche o 
Fisicbo Marso-Aprilo, 1886 4to. Rama 1886 

The Prince Buncompogni. 

Horologieal Journal. Vol. XXIX No 342 8vo. London 1887 

The Horologieal Institute 

Indian Antiquary (The) Vol. XV. Part 190 4to. limnhaij 1886. 

The Editors. 

New York Medical Journal, Vol. XLV No 5 4to. 1887. 

The Editor. 
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Revista do Obstrvaiorio Anno II Nnm I 8vo Hao df Janevro 
1887 Tho Obseivatory of Rio 

Bounty (T G ) F R S On some Rooks from the nrighbourlinod of 
Assouan 8ro Tltrtjord 188<>, Report on the Botks oollcotod by 
H H Johnston, from tho upper pait of the Kilimn njnro massif 
8vo Lomlon [188b] Remarks on fht Stratified and Igneous 
Rooks of the Vallty of tho Meuse in the Ftencli Aj demies 8 to 
[/ iOn/on 188b ] The Author 

Conwentr (H ) Dio Floia des Bernsttins Hand II Die Angio 
spermen dts Bernsteins 4to Datutff 188(> Pi of Conwents 

Dawson (Sir W), FRS On Uhisopods in tho Eiisn (Devonian) 
Peilod in America 8vo Chtcatfi 1866 The'Author 

Dunmook (G) Dimmook's Special Bibliography Nos 1-3 8vo 
Cavibndjf, Mcu,» 1878-79, ‘‘Psycho, ’ a Journal of Entomology 
Vols III-IV Nos 101-112 Sm 4to Cambrt igt, Mass 1882-83 
With Six Entomological Rxceipis 8vo and 4to 1875-8b 

Mr Q Dimmook 

Jones (T R ), F R b and J W Kirkby On Caiboniforous Oatra 
coda from tho Gayton Boiing, Northamptonshire 8vo Hertford 
1886 ,—and 0 1) Sherbom On the Miciozoa found in some 
Jutossio Rocks of England 8tu Hettfrrd 1886,—and H B 
Holl Notes on the Paltoosoic Biyalved Entomostroca No 
XXI 8vo Londoaimi Prof 1 B Jones, FRS 

Nikitin (S ) Dio Cephalopodenfauna dor Juiibildungon des Qou 
veinenionts Kostroma 4to 8t Pftcrshwrg 1884, liie Jurassio 
Formation between Rybinsk, Mologa and Mysxkin [Russian] 
8vo St Petersburg 1881, Brochure on Darwinism and Palseou 
tology [Russian] 8vo St Piitrshurg [1882] Four Geological 
Excerpts 8vo and 4to The Author 

Pickeiing (E C) Heights of the White Mountains Hvo [1887] 

Tho Author 

Prince (CL) Summaiy of a Meteorological Journal 1885 Folio 
[Crowhorouph 188b ] The Author 

Pnoch (L) Memoire sui les Qrottc} do Sarxgel [With Photo¬ 
glyphs ] 4to batnt Afftxque 18Rb The Author 

Sasse (E ) Das Zahlengosctz in der Yolkcr-Reisbarkeit Statistik 
der neucren Oeschichte von Frankreieh Svo Branlenhurg 
1877 The Author 

Unwin (W C ), F R S Furmulw foi tho Flow of Water in Pipes 
4to Manehesttr 188C The Author 

Wiight (T), FRS Monograph on the Lias Ammonites of the 
British Islands 4to London 1878-86 


Bequeathed by tho Author 



Cat^ H d atH for Bloetion, 


145 


; 887.3 


Mareh 3,1887 

P ro f e M or G G STOKES, D 0 L, President, m the Chur 

The Presents reoeived were lud on the table, and thanks oidered 
for them 

In porsnance of the Statutes the names of the Candidates reoom 
mended for election into the Sooietj weie read from the Chur as 
follows — 


Andrews, Thomas, E B 8 E 
Atkinson, Professor Edmnnd, 
PhD 

Bottomlej, James Thomson, M A 
Bnchanan, John Yonng, M A 
Bnrbnry, Samuel Hawkcsley 
MA 

Buasard, Thomas M D 
Cameron, Sir Charles Alexander, 
hID 

Camelley, Prof Thomas, O So 
Cash, J Tlieodore, M D 
Corfield, Professor WlUiam He nrjr, 
MD 

DaTiB, James William, 7 G S 
Denton, John Bailey, MICE 
Diokinson, William Howship, 
MD 

Dooglass, Sir James Nicholas, 
MICE 

Ewart, Professor J Cossar, M D 
Ewing, Professor J A, B So 
Forbes, Professor George, M A 
Foster, Professor Sir Balthasar 
Walter, FRCP 
Gowers, William Biohard, M D 
Halliburton, William Dobinson, 
MD 

Hmde, George Jennings, Ph D 
Hyde, Henry, Major General, B E 
Jervms, Sir William Francis 
Drummond, Lieut-Genetal, R E 
roi xui 


Kennedy, Professor Alexandc.1 
Blackie William MICE 
Kent, William Saville 
King, George, M B 
Kirk, Sir John, M D 
Lansdell Rev Henry D D 
Latham, Peter Wall work, M D 
Lea, Arthur Sheridan D So 
Lodge, Professor Oliver Joseph, 
DSo 

Lyster, George Foabery, MICE 
l&tthey, Edward F C S 
Maw, George i L S 
Milne Professoi John, F G S 
Ord, William Miller M D 
Palmer, Henry Spencer, Colonel, 
RE 

Parker, Professor F Jeffery 
Pedler, Prof Alexander, F C 8 
Pickard Cambridge, Rev Oota- 
Tins, M A 

Pickenng, Professor Spencer Um- 
freville, M A 

Poyntmg, Professor John Henry, 
BSo 

Pntohard, Urban, M D 
Ramsay, Professor William, Ph D 
Seebohm Henry, F L S 
Smith, Willoughby 
Snelns, George James, F C S 
Sollas, ProfessorWilliam Johnson, 
DSo 
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Stevenaon, Thomu, M D 
Teele, Thomas Fndgm, F E G S 
Tenison*Woods, Eev Julian E, 
MA 

Thun, George, M D 
Tidy, Professor Chailes Meymott, 
MB 

Todd, Charles, M A 


Tomlinson, Herbert, B A 
Topley, William, P Q 8 
Ulnoh, Professor George Henry 
Fredeno, F G S 
Walsingham, Thomas, Lord 
Whitaker, William, B A 
Yeo, Professor Gerald F, M D 


The following Papers were read — 


I “ Proluninar> Note on a Balanogloseua Lirva from the 
Bahamas ’ By W F R WbIiDON, M A, Fellow of 

St John’s College, Cambiidgo Commumcated by Prot 
M Fostbb, Sec H S Received February 15, 1887 

In October last, during a visit to the Island of Bemini, on the 
western edge of the Bahama bank, an organism was constantly found 
m the tow net which closely resembled the larva of Balanogloasns 
recently described by Bateson * 

In the youngest stage observed, this creature has an elongated 
cylindrical body (about 0 8 mm long by 0 4 mm broad) with rounded 
ends At the anterior extremity are two eye spots while near the 
posterior is a largo and powerful ring of cilia An anterior region i» 
sepaiated from the rest by a deep transverse groove, more than this 
cannot be made out by examination of entire specimens t A little 
later, a second shallower groove appears behind the first, marinng off 
a smaller middle region of the b^y from the larger anterior and 
posterior divisions An idea of the shape of the body, just before the 
appearance of the second transvene groove, may be gathered from 
the nearly median longitudinal section (fig 1) In this section the 
month IS seen to he m the first transverse groove, on the ventral side 
of the body, it leads to a well developed alimentary canal, ending m a 
median posterior anus, not seen in the figure On each nde of the 
alimentary canal lie two sections of body cavity, the first (fig 1, II) 
can hardly be spoken of as a cavity, its lumen being never oon- 
spionouB, and often obliterated, behind this is a well developed pos¬ 
terior cavity (111) The body cavities of the two sides are separated 

* ‘ Boj Soe Froo 7 vol SH 1886 p 28 ( ud Quart Joum Ificroso Sci 1888 
and 1886 

t I regret tliat mj obeerratioiu on the living larva are meet imperfect Owing to 
my want of exporenee in protecting delicate organumi after oapture from a tnqnoal 
ana 1 waa fraquently oUigad to prteerve the material obtain^ m an open beat, 
where nperoaoepM waa unpoMible 
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from one another in the middle Una by a conaidciable interval and the 
poatenor pair especially leave a considerable part of the blastoooel 
nnoeonpied (fig 2 Bl) The anterior nearly solid body cavities 



are sepMRilVd dorsally by a forward process of tho posterior cavities, 
so that ikjiietion so near the middle line as that drawn in fig 1 does 
not out tlffe donally at all 

The wjjhnor region of the body in front of the great transverse 
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groove ia ooonpied hj a lingle unpaired body cavity (fig. 1,1), whibh 
oUiteratee the blastmxel Thie cavity ia travera^ by a number of 
longitudinal “ meaenahymatona’’ mnaolea (Me.), and oarrua on ita 
floor a glandular organ (Ql ), near which opena, aaymmetrioaUy, a 
abort canal, which mna to the middle doraal line, whm it oommnni- 
oatea with the exterior ly a pore (P.). Immediately beneath the gland 
ia a forwardly directed diverticulum of the gut (Oh.). 

It oeema impoaaible to avoid identifying theae atmoturee with the 
pcoboBcia gland and pore of BalanoglaBsaa, and the aubjacent" noto¬ 
chord ’’; while the anterior paired body cavity roproaenta the collar 
cavity, the poaterior the trunk cavity, of the normal Balanogloosua 
larva. A confirmation of thin view ia given by the appearance, at a 
alightly later date, of a aingle pair of mdimentary gilla (fig 2, Br.). 

The ectoderm of the larva, up to the point at which the giUa appear, 
ie very thick (figs. 1 and 2), and oontaina many mno4a and other 
glandular cella; while beneath the eye-apota la a well-developed 
** Scheitelplatte,” and beneath the general ectoderm a wdl-fonned 
embryonic nervona qratem, the detaila of which I reoerve for a later 
paper 

Juat after the development of the gill-alita, there apperju to be 
much variation m the conduct of the larve obtained; aonSe exhibit 
indications of a normal development, the majority, howerter, begin, 
from this point to undergo a gradual process of degeneration, accom¬ 
panied by considerable increase in sice. 

The shape of the most degenerate larva obtained may be gathered 
from the nearly median longitudinal section (fig. 8); where the collar 
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groove ia seen to have disappeared altogether, while that behind the 
proboBois has become mnoh shallower. The eactemsl appearance ia 
oomplioated I 7 the formation, on each side of the proboscis, of a 
fTl'Shaped groove, the middle limb of which oommnnioates with the 
post-proboscidean groove, while tiie margins of all the limbs are pro¬ 
vided with short, broad tentacles. The arrangement of this groove is 
indicated bj the shading between dotted linca in fig. 3. 

Sections show that the mesoblastio organs have undergone con¬ 
siderable redaction, both relative and, in some cases, abeolnte. The 
proboscis cavity is smaller (fig. 3,1); its walls are thinner, and its 
muscles fewer. The notochord beneath it has quite disappeared; 
the collar cavities have disappeared; while the trunk cavities are 
small and thin-walled (fig. 3, III). No trace of gill-ponches remains. 
The ectoderm is much thinner, and oontainB hardly a trace of any 
nervous structuro except the much diminished “ Scheitelplatte ” 
(Seh.), on which the eye-spote still persist. 

In connexion with this degeneration of the tissues, it may be 
noticed that many cells, possibly phagocytes, are present in the 
blastoccol at earlier stages (fig 2, Ph. f). 

I was not able daring my stay at Bernini to follow this creature 
farther; but at Nassau, Now Providence, in the middle of the Bahama 
bank, I observed, daring four months, a similar series of changes in a 
much larger larva. This larva was first obtained at a period just 
before the development of the tentacular apparatus, and after the 
disappearance of the collar groove (if this ever existed). The collar 
and trunk cavities were both well developed, and the proboscis oavily, 
with its gland and pore, was as in the youngest Bernini forms. Bye- 
spots were present, and there was a well-dev|lopod cutaneous nerve 
plexus. In this form degradation was followed to a mnoh fuller 
extent, till the ectoderm waa (except on the well-developed tentacles 
and bmeath the cilia) a mere flattened epithelium; the trunk cavity 
was a minute solid to6 beneath the ciliated ring; the collar oavily 
disappeared, and the reduction of the proboscis cavily was carried 
much further than in the Bernini form. 

I hope to publish a fuller account of both forms in a subsequent 
paper. In the meantime, it ia submitted that there is &ir ground for 
the bdief that the organisnu described are Balonoglcssns larvm, 
which from some cause or other have been unable to develop adult 
characters, and have therefore varied. Independent evidence shows 
that a probable cause may be the compulsory shifting of the larvm 
into depp water by the joint action of currents and winds.* 

If this be admitted, four things follow:— Firtt, that, at least in 
some ooaes, the transmission by * )>rva of hereditary changes is only, 


* These bme were pmetically ell oought outside the 100-fiithoiu line. 
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poasible on tbe application of the stimnli afforded bj partionlar 
■mronndings: teetmdly, that some lams, in the absence of theae 
stimnli, bat in conditions otherwise &TOQrable, ore highly variable; 
tla*dly, that the variations prodnced a given change in the environ* 
ment may be of an uniform and definite character; and lastly, that 
these changes may result, not in the modification of anoestral organs, 
bnt in the hypertrophy of those which are purely larval. 

The last of these considerations leads to the hope that a farther 
investigation of similar oases may afford a criterion by which to 
interpret larval histories in general. 


EXPLANATION OF THB FIGtrRKS 

Fig. 1.—Lateral longitudinal Mciion (nearly median) through a yonngiBernini larva, 
juit before the appearance of the oolhw-fold. 

Fig. 2.—Traiuvetee section through the bmnk of a Bemim larva, at the time of the 
greatest developinent of the gill-}>oaohee 

Kg. 3.—^Nearly median longitudinal section throu^ a degenerate Bernini larva. 

The arrangement at the tentaouliferous grooves is indicated by s h adi n g 
within the dotted lines. 

S^/hvnet Ltttmn, — A%., anus i Bl^ blaetooosl; Br, branohial pooeh i Ch., " noto- 
ohord’’ of Bateson t Ct., cQia; OL, proboeou glands BT., mouth; Me., 
"inflMiiohym'' of proboeois eavityi P., proboscis poni Pk.t, cells at 
blastoocd, posnUy phagoryteai 8ti,, ''seheitelplatte’'i I, II, III, body 
oavities of proboscis, ooUar, and trunk rcitpeotively. 


II. Studies of some New Micro-organisms obtained from Air.” 
By G. C. Fbanbland, and Pbbot F. Fbanklanb, Ph.D„ 
B.So. (Load.), F.C.S., F.I.C. Commnnioated by E. Ray 
Lankbsteb, MJ^., FJI.S., Professor of Zoology, University 
College, London. Beoeived February 15. 1887. 

(Abstract.) 

In previonB commnnications to the Royal Society by one of tiie 
anthors,* details have been given of a number of experiments on the 
presence of mioKMUganisms in the atmosphere. In these investiga¬ 
tions a solid cnltore medium was employed, which not only greatly 
facilitated their enomeration, bat also presented them in an itohtei 
condition. In this manner the anthors have met with a number of 

• 1 . '* The Disttibatkm of ICfamMirgaiiisms in Air,” ' Bi^. See. Pioe.,* vol. 40, 
p. 300} S. "A New ICethod tor the Qaantitative Estimatioa of the Micro* 
etgtaitniM present In the Atmoeidiere,'* itid., voL 41, p. 4481 8. “ Futker Xxperi* 
meate on tiw Dietribution of MieroKiigaaifme in Air by Eeeee’e method,” fWd., 
p.446. 
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diflerant TUiehet of aenal nuoro-organiBnu, irhioh luiTe hititerto 
remioned oither unknown or nndesonbed They hare therefore 
undertaken the ohamotensation of a number of these organisms 
growing them in ranona onltivating media and obsemng the different 
appearances which they snbseqnently exhibit studying them 
nuoroeoopioally m stain^ and nnstai^ preparations, and by onlti* 
rating them on gelatine platee, and dosonbng the oolomes to which 
they give rise They hare hkewise made a nnmber of drawings to 
lUnstrate the appearances which they present under theranons ezamu 
nations to whi^ they hare submitted them To further faoihtate 
their identification the anthora hare proriaionally giren them names, 
by which they hare endearonred to represent some of their most 
striking indiridnalitiee 

The authors venture to hope that by thus charaotensing some of 
the organisms most preralent in the atmosphere, they may prove of 
asBistimoe in those mroatigations which hare for their object the 
study of the particular physiological changes which are brought 
about by specific micro organisms 

The following is a list of the micro-organisms described — 


Miorocoocna carmoolor 
„ albus 

.. gigM 

„ ohiyseus 

„ candioans 

Streptococcus liquefamens 
Sarcina lique&meqs 
Bacillus auresoens sioous 
„ aureus 
„ citrens 


Bacillus pheatns 

„ chlonnus 

„ polymorphus 

„ profusus 

„ pestifer rermionlans 

„ subtihs minor 

„ snbtiliB cerons 

Saooharomyoes rosaoens 
„ liquefaoiens 
Myoehum fasoum 


In addition to these ranetiea a description has been given fiir the 
sake of companson of some aSnal micro-organisms which were 
obtained by one of the authors from Dr Koch’s laboratory m Berim 
These are— 


Hiarooooous rosaoens 
Baroina lutea 
„ aurantiaca 


BaciUns subblis 

„ (Miorooooona) prodi- 
gioans 
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HL “ On the Limiting Distcmce of Speech by Telephone." By 
William Hknrt Prkbck, F.R.S. Received Febroaiy 17, 
1887. 

The law that determines the distance to which speaking by tele^ 
phone on land lines is possible, is just the same as that which de* 
termines the nnmber of onirenta which can be transmitted throngh 
a submaxine cable in a second. The experimental evidence upon 
which this law is based was carried ont in 18fiS by Hr. Latimer 
Clark (whose assistant I then was). The experiments were made by 
me m the presence of Faraday; many were his own; he made them 
the snbjoct of a Friday evening disoonrse at the Royal Institution, 
January 20,1854, and they are published in his ‘ Researches' (vol. S, 
p. 508). They received full mathematical development Sir William 
Thomson in 1855 (‘Roy. Soo. Proo.,* May 24), who determined 
the law, the accuracy of which was proved by Fleeming Jenkin and 
by Cromwell Varley, and the 110,000 miles of cable that now lie 
at the bottom of the ocean afford a constant proof in their daily 
working. 

Hockin reduced Thomson’s law to the following senes 

e « C(l-2{(i)‘/--(i)«/*+(|)»'/--(i)»«/*+*c.i), 
which allows it to be expressed by the following curve (1):— 



Now a is a time-constant dependent on the conditions of the dronit, 
invanable for the same uniform circuit but differing for different 
circuits. It yepresents the tune that elapses from the instant contact 
is made at the sendmg end to the instant that the current begins to 
appear at the receiving end. It is pven by the following equa. 
tiim:— 


a>= BhrP, 


B being a constant dependent principally on the units used; i the 
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laftiiodva ompooity per unit length (naile or knot) ; i* the resistanoe 
per aiiit length, end 1 the length in miles or knots. 

a, therefore, limits the number of vibntions per second that can be 
sent through any oitenit. If a be 0*196 second, as it was in the 
French Atlantic cable of 1869,* 2584 knota long, then it is impos¬ 
sible to send 5‘1 currents per second through that cable; but it would 
be'poesible to send 5 or 2^ complete reversals per second. Moreover, 
as the number of reversals vanes mversely with the square of the 
length, it shows that such a cablo if of 100 miles length would 
allow 1562 reversals to pass through it. It is necessary to remark 
that these expressiona involve no mention of E M.F., or of current,) 
and therefore the nnmber of reversals whidh can be produced at the 
eud of a wire is qnite independent of the impress^ E.M F., and 
therefore of the strength of the current. But the number of reversals 
is dependent upon the sensitiveness of the apparatus used to receive 
the onrrents, for if we use an instmment which will respond to a on^ 
rent indicated by the full line, we get two currents per second; and if 
we use an instrument which will respond only to the dotted line, we 
got only one current in two seconds, which is about the enrrent used 
with delicate relays in this country. This is why such discordant 
results are obtained by different observers who attempt to measure the 
velocity of onrrents of electricity. It is also why the telephone is 
such an admirable instrument for research—for it is sensitive to the 
least increment or decrement of current. 

Before proceeding with this inquiry it was necessary to determine 
rmj accurately the inductive capacity of overhead and underground 
wires. This was done with great care on very dry days in different 
parts of the conntiy by means of a Thomson mirror galvanometer 
and a standard condenser. 

The results come out as follows:— 



Capacity 
per mile 

Betiitanoe 
per mite 

B. A ohm*. 

Ifft. Imn wim. 

00108 

0 0124 
0-8500 
0-2900 

12-0 

6 7 

23-0 

10-25 

Vo.‘18{ robpor wire . 

Ontts-perchk^Tered wire in iron pipe*. 

Chitta-perohsHOTered wire m cable*. 


The capacity can be calculated from the following formula (also due 
to Sir Wmiarn Thomson):— 

aiog(4h/d)' 


* Ile«ning Jtiikin, * Eleotiicity sad Msgnstism,* p. 881. 
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where d is the diameter of the wire and h the height above the 
ground Taking h at fiOO om and d at 0 243 om, the oapaoify oomee 
ont for 12| wire at 0 0113 instead of 0 0124 mioro&rad per mile. The 
oanse of this difforenoe is referred to farther on 

It then became neoossaij to determine the speed of the onrrent 
through wires of different lengths, resistances, and capacities 
A multiplex distributor—snoh as we are now osing in the Post 
Office—enables this to be done with great accuracy At each station 
a circle is broken up into 162 sections, and an arm in connexion with 
the line wire carrying a brush sweeps over these sections and makes 
oontact This arm can be made to rotate at any speed If it makes 
three revolutions per seodhd it will make the duration of each contact 
T^th of a second Now the two distributors arc kept running in 
absolute synchronism, so that the brush at each station always resti 
simultaneously on corresponding sections The sections at one station 
can bo placed in contact with the battery, and those at the other 
station with a galvanometer or otiier sensitive apparatus If the our 
rent traversed the wire instantaneously then it would appear on the 
same section at the same time on the galvanometer, but the current 
IS always retarded, and the amount of retardation or the value of a can 
be measured and the curve of arrival and cessation drawn by watohing 
the indications of the galvanometer on each succeeding section 

The following table summanses a large number of exponments 
that have been made in different parts of the country, and on diffoRmt 
lines, to determine by observation the connexion that exuts between 
speed of current distanoe spoken through, resistance, and oapaoity 
The maximum current, or the crest of the wave, was observed This 
was equivalent to 0 003 amp^ 

It will be seen that the limiting distance through which it is 
possible to speak vanes inversely with the speed of the current, and 
that the speed of the current vanes inversely with the prodnot of the 
total resistance and the total capacity of the circuit Hence we 
can say that the number of reversals that it is possible to send 
through any mrouit vanes inversely with the product of the total 
resutanoe (R) and the total oapauty (K) or the hmiting distanoe 

S = KB X constant . (1) 

This IB only another form of Thomson’s law for K sx Ik, and 
B s= Ir, and 

S s krP X oonstont 

It u seen that when the speed the working current was 
0 001 speaking was perflsot, 

0 002' speaking was good, 

0 003' speaking vras ^r, 

0 004' speaking was difficult 



T*Ue drawing tlie Speed of Current throngh Wires 
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It sre put equation (1) into this form. 



A* feu*. 


(2) 

and give to A the following values — 



Copper (overhead) 

15,000 


Cables and underground 

12,000 


Iron (overhead) 

10,000 


we can find the limiting distance we can s 

peak with any wire, 

fbi 


a* = A/ir. 

Take copper, whose constant is 15,000, and a wire whoso resutanoe 
u 1" per mile, and capacity 0 0124 per mile, then— 

15000 
“ 0 0124’ 

» = 1100 , 


which u the limit of speaking npon snoh a wire 
The wire osed between Pans and Bmsaels has a resistanci of 
2 4 ohms and a capacity of ahoat 0 012 microfarad pet kilometre and 
as that distance is only about 200 miles the speakmg must be excellent 
Moreover, there is reason to behove fiom the diffeienoe between 
observation and oalcolation, that the static capacity on Continental 
and Amenoan Imes is less than that of English lines, owing to the 
use of earth wires on all poles in England, and therefore the distance 
would be greater 

Take an Atlantic cable— 


a? 


12m 

1x0 

96 


Now I had found in 1878* that it was just possible to speak through 
100 milea of such a cable—a very close agreement 
Moreover, by the law of the squares, 100 miles of an Atlantic cable 
ought to transmit 1562 reversals, if 2584 miles transmit 2| and 
this 18 probably the average number of sonorous vibrations imparted 
hj the human voice, when heani^ by telephone begms to got difficult 
by the loss of the higher partials and overtones 
There is another interesting consequence of Thomson’s law which 
comes out of these experiments, and that is, whether the line be a 
single wire completed by the earth, or a double wire makmg a 
metellio ouomt, ^e rate of speed between the two ends is exactly the 
• Pbd Msg,* AprU 1878 
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Mune, and therefore the diitanee we oan apeah throngh la jnat the 
aame whether we use a aingle or double wire oircmt Thu u owing 
to the fact that though in the latter case we double the total reau* 
tanoe, we halve the total capacity, and therefore the product ronaiiu 
the same 

The difference between copper and iron u clearly due to self* 
induction or to the elootromagnetio inertia of the latter and the 
difference between copper overground and copper underground u due 
to the facility that the leakage of insulators offers to the rapid dis¬ 
charge to earth at innumerable pomte of the static charge, which m 
gntta percha covered wire can hnd an exit only at the ends 

It IB also evident that there is no difficulty in working telephones 
throngh underground wires even though they attam 50 miles in 
length, and in fact it would be better to woik underground with 
proper copper wire from London to Brighton than to use iron wires 
along the railway telegraph poles owing to the absonoe of external 
disturbances m the former case 

The limit of working of different insulated wires is easily obtained 
by equation (2) and the following table gives that infoimation for 
different gntta peroha covered wires 


No 



Limit of ipeech 

ao 

11 

0 270 nf 

46 00 ohm* 

32 milee 

IS 

7* 

0 260 

23 00 

40 

16 

4 

0 240 

IS 00 

62 

1071b* 

160 lbs 

0 290 

10 26 

64 , 


If B —11 0 top number u diostes the gauge of wire and the lower ni 
of the gulta penha. 


IV “Ihe Etiology of Scarlet Fever’ By E Klbin, MD 
F B S, Lecturer on General Anatomy and Phyraology at 
the Medical School of St Bartholomew’s Hoiqiital London 
Beoeived Fobruaiy 23, 1887 

The investigation tbe results of which £ now record was oom 
menoed at the end of December 1885 It arose ont of an inquiry into 
the prevalence of scailatina in different quarters of London, under- 
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taken by the Medical Department of the Local Qoremment Board as 
a part of its business of investigating local epidemics That inquiry 
had demonstrated millc from a farm at Hendon as the cause of the 
scarlatina^ and had adduced strong circumstantial evidence that the 
soarlatina had been distributed, not in the whole, bnt in certain sec- 
tuiiis of the Hendon milk, and farther that the ability of the sections 
of milk service to convey the disease had been related to a malady 
alEeoting particular cows This evidence against poiticulai cows at 
the Hendon farm could not and did not aapiro at famishing direct 
and definite proof of the connexion of this cow disease with scarlet 
fever of man, for the inductive methods usually employed by the 
Medical Department of tho Local Goveinniont Board whtn applied 
to inquiries about epidemic spread of scarlatina can for obvions 
reasons yield bnt circumstantial evidence As on vanous foimer 
oocasions, so also on this, tho Medical Depaitment sought to put the 
above oonclusious to the test of scientifio experiment This task was 
delegated to me by tho Board Ihe first part of this work has been 
published in the recently issued volume of the Beports of the Medical 
Officer of the Ijooal Oovemment Board for 1885-18Bt> I have 
therein shown that tho snspectad cows fiom the Hendon farm that 
had been mode the object of special study showed besides a skm 
disease—oonsisting in ulcers on the udder and teats, and in sires and 
scurfy patches and loss of hair in different parts of the skm—also a 
genend disease of tho viscera, notably the lungs, livet spleen, and 
kidney, which resembled the disease ot these oigans in acute oases of 
human soarlatina I have further shown tliat the diseased tissnes of 
the ulcers on the teats and udder produced on inoculation mto the 
skin of calves a similar local disease, which m its incubation and 
general anatomical characters pioved identical with the nlceiation of 
Uie cow and fnrthei, that from the nloets of the cow a species of 
mioroooocuB was isolated by cultivation in artificial nutritive media, 
vrbioh micro organism in its mode of growth on nutritive gelatine, on 
Agar.Agar mixture, on blood serum, m bioth and in milk, proved 
very peculiar and different from other species of microoocci hitherto 
examined With such cultivation of the microcoocns 1 have produced 
by subcutaneous inoculation in calves a disease which in its cutaneous 
a^ visceral lesions (lung bver, spleen, and kidney) bears a very 
close resemblance both to the disease that was observed m the Hendon 
cows as well as to human scarlatina 

second part of the work, earned out dunng 1886-1887 for the 
Medical Department, had for its object to investigate whether or no 
the disease, human scarlatina, is associated with tho identical micro* 
oooouB, and whether this, if obtainablo from the human subject, is 
capable of producing in the bovine specie the same disease as was 
obasTved m the Hendon cows and in the oalvea experimented upon 
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from the latter aonroe. The deflnite aad (dear proof that this is rstiUl' 
the ease has now been obtained, and the eridenoe I now bring to the 
notice of the Royal Society. 

On examining acute oases of htunan aoarlatina—^for which oppor- 
tonity I owe groat thanks to Dr. Sweeting, the Medical Snperintendent 
of the Falham Fever Hospital—1 soon ascertained the fhct that there 
is present in the blood of the general oironlation a species of mioro- 
coocns, which on caltivation in nutritive gelatine, Agar*Agar mixture, 
blood |erum, and other media, proved to be in every respect identical 
with that obtained from the Hendon (sows. Out of eleven amite oases 
of scarlet fever examined in this direction, four yielded positive results: 
three were acute oases between the third and sixth day of illness 
with high fever temperature, and the fourth was a case of death from 
scarlatina on the sixth day. In all these four omoh several drops of 
blood were used, after the customary methods and under the required 
precautions for establishing ouliivatiouB in a series of tubes eon* 
taining stenliaed nutritive gelatine, and. generally only a very small 
number of these tubes revealed after an incubation of sever^ days 
<me or two colonies of the micrococcus. This shows that the micro- 
(XKSci were present in the blood in but small numbers. 

Having ascertained the identity in piorphologioal and (mltnral 
respects of the micrococoua of the blood of human scarlatina with the 
organism obtained from the Hendon cows, the action of the cnltiva> 
tions of both these sets of micrococci was then tested on animals and 
the results compared. It was found that miim—wild mice better 
than tame ones—on inoculatioa as well as feeding, became affected 
in exactly the same manner, no matter whether the one set of 
cultivations or the other was used. The great majority of these 
animals died after between seven and twenty days; the post-mortem 
examination revealed great congestion of the lungs, amounting in 
some cases to consolidation of portions of the organ, congestion of 
the liver, congestion and swelling of the spleen, great congestion and 
general disease of the oortioal port of the kidney. From the blood 
of those animals, taken directly from the hear^ cultivations were 
established in nutritive gelatine, and hereby the existence of the 
same species of micrococci was revealed; they possessed all those 
special characters distinguishing the cultivations of the miorocooens 
of the Hendon cows and of the human scarlatina. 

In the third and concluding section of the work, cultivations of tb» 
micrococcus of two cases of human scarlatina were used for infecthn 
calves; two calves were indcnlated and two were fed from each sst^ 
of cultivations. All eight a n i m a l s developed disease, both cutaneous 
and visceral, identical to that produced in the calves that had besB 
last year infected with the microcooems from the Hendon (x>ws. 

From the heart’s blood of calves thus infected from hnmaa 
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■oarlatma the Mne miorocoocne waa recovered by oaltivation, poa* 
aeanng all the oharaoten ahown 1^ the onltnrea of the mioroooccua of 
the Hendon oowa, and of the oaaea of hnman aoarlatma 

It mtut be evident from theae obaervationa that the danger of 
■oarlatinal infection from the diaeaae in the ooir is real, and that 
toTrarda the atndy and oarefnl snpervunon of this oow diaeaae all 
efforts ought to be directed in order to cheek the spread of scarlet 
fever in man It la also obvions that in the agncnltnral mteiest 
alone investigations of this cow disease arc greatly called for 


Freaenh March 3, 1887 
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Profeasor STOKES, D.C.L., President, in the Chair. 

The Presents received irere laid on the taUe, and thanks ordered 
for them. 

The following Papers were read:— 

L “ Note on Induction Coils or * Tranafonners.' ” By JoBN 
noPKiNSON, M.A., D.So., F.B.S. Received February 17, 
1887. 

The transformers considered are those having a continnons iron 
magnetic circnit of uniform section.* 

Let A be area of section of the core, 

m and » the number of convolutions of the primary and secondary 
coils respectively, 

B, r, and p their resistances, p being the resistance of the secondary 
external to the transformer, 

0 and y currents in the two coils, 
a induction per square centimetre, 
a the magnetic force, 

I the length of the magnetic circuit, 

E s= B sin 2r(f/T}, the difference of potentials between the ex* 
tremities of the primary, 

T being the periodic time. 

We have 

(1.) 4nr(«wi+ny) = la-, 

(2.) E = Bai—mAd; 

(3.) 0 = (r+/i)y-«Ao; 
from (2) and (3), 

* For a ditouifion of tniufonnert in which there it a ooniiderable gap in the 
magneUo drouit, tee Ferrant,' Tonoo, Acead. BcLlCem.,' rol. 87,18861 fiopkinton, 
"On the Theory of,Alternate Omrentt,’’ ‘Telegr. Bngin. Joum.,' toL 18, 1884, 
p 400. 
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(4.) nB = nBx—m(r+^}y; 
anbstitiating firom (IX 

(6.) »{n*B+«iKr+/i)} iini+(l^ir)Hr+p), 

(6.) y{n»B+iii^r+/.)} = -«»B+(te/4«r)*B; 

(7.) A4 = - + 4>r{iS&+^ir+p))' 

We may now •dvantegeoiiBlj nuijKe a fint approximation, neglect 
la. in compariaon wiib 4armc, tiiat la, aaamne the permeability to be 
very large, we have 

For practical pxirpoaos theae eqnationa are really safficiont. 

We see firstly that the transformer transforms the potential in the 
ratio n/m, and adds to the external rerastance of the secondary 
circuit p a resistance (n*B/m^)+n This at once gives ns the varia¬ 
tion of potential oans^ by varying the number of lamps used. The 
phase of the secondary current is exactly opposite to that of the 
primary. 

In designing a transformer it is particularly necessary to take 
note of equation (9), for the assumption is that a is limited so that Im 
maybe neglected. The greatest value of a is B/{(2v/T)mA}, smdthis 
must not exceed a chosen valuo. Wo observe that B varies as the 
number of reversals of the primary current per unit of time. 

But this first iqiproximation, though enough for practical work, gives 
no account of what happens when transformers are worked so that 
the iron is nearly saturated, or how energy is wasted in the iron core 
by the oontiniud reversal of its magnetism. The amount of such 
waste is easily estimated ftom Swing’s results when the extreme 
value of a is known, but it is more instructive to proceed to a second 
approximation, and see how the magnetic properties of the iron affect 
the value and phase of a emd y. We shall as a second approximation 
substitute in sqpatipBat (&) (6), (7) vslnas of a dedp^ from the 
value of a funsU^ SMMijlBation in equation (9). 

In the aocompaiqiiim ^ iqpesents a, Oy represents a, 

and Os the timat. 

The ourvea XBffXJt a SfMMi tii thq editions of a a. BFG- 
the indnetiop, a aa, a ililsi(#im^ofi thgi-tiHpa, and fiUK the deduced 
relation betwjsamajiwdi fc IB^SWqiiWhptitBils tl|W ^eta^of » obtained 
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from this carve in equations (5) and (6), and so obtain the valnea 
of X and y to a highu* dcgi ee of approximation If the values ot a 
were expressed by Fouriei’s tbeorem in terms of the time, we should 
find that the action of the iron core introduced into tbt expression 
for X and y, in addition to a term m cos (2irtl1) which would occur if 
a and a were proportional, terms in sin (ia-f/T) and tei ms in sines 
and oosmes of multiples of 2wf/T It is through the term in 
sin {2TtlT) that the loss of energy by hysteiosis comes in 
A paiticular cose, in which to slay at a hrst approximation would 
be very misleading, is worthy of note Let an attempt be made to 
ascertain the highest possible values of a by using upon a trans' 
former a very large primary current, and moasniing the consequent 
mean square of potential in the secondary circuit by moans at an 
electrometer, by the heating of a conductor, or other such device 
The value of a will be related to the time somewhat as indicated by 
ABGDEFG in fig 2, for simplicity assume it be as in fig 3, the 


Fio 2. 
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resulting relations of potential in tbe secondaiy and the lime will be 
indicit^ by the dotted line HIJKOLMVPQ The mean square 
observed will bo proportional to ML fhV bat ML LP is pi oportional 
to LL lence the potential observed will vary inversely as P oven 
thingh tlio maxiintim induction remain constant If then the maxi 
innm indnction bo dedneed on the asaamption that the induction is a 
simple hamomo function of the time results may readily be obtained 
vastly in evcoss of the tr ith 


II ‘Note on the Theory of the Altemitc Current Dynamo 
By Join Hopkin&on MA Dbc, FRb Beciived Feb- 
niaiy 17 1887 

Accoi dmg a the accepted thooiy of the alternate current dynamo, 
the equat on cf electric cm rent in the armatnre is qy+By = periodic 
fnnotion of t vhore y is a constant coefficient of self induction Ihis 
equation is not strictly true inasmuch as 7 is not in goneial constant,* 
but it IS a m«8t useful approumation My present purpose is to 
indicate how tie vrIuos of 7 and of the periodic function reprcsonting 
the oleotiomotive force can be calculated in a machine of given con 
figuration 

lo fix ideas ne will suppose the machme considered to have its 
magnet cores arranged parallel to the axis of rotation that the cores 
are of uniform section also that the armature bobbins have iroh cores, 
so that we regard all the lines of induction as psasmg either throngh 
an armatnre coil, or else between adjacent poles entirely outside the 
armature The sketch shows a development of the machine oon« 
stdered The iron is supposed to be so arranged that the carrents 

* On the Theory of Altematug ConesU Tdegr Xlngm Jonm vol 18, 
188i p 486 
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indnood therein may be neglected We farther soppose for siraplioity 
that the Ime integral of magnetio force within the armatnra ocn may 
be neglected 

Let be the effiactive area of the space between the pole piece and 
armatnre core when the cores are in bne, the distance from iron to 
iron 

Let A) be the section of magnot core, Zg thi. effective length of a 
pair of magnet limbs, so that Z, may be regarded as the Ieigi>h of the 
Imes of force as measured from one pole face to the next 

Let m be the number of oonvolutions in a pair of magnet limbs, 
and 

A, the convolntions in one armatnre section, 

T, the periodic tune 

The tune is measured from an epoch when the armature eoil we 
shall consider is in a symmetrical position m a held which we shall 
regard as positive 

m and y are the currents in the magnot and amuture coils, the 
positive direction bemg that which produces the poeitire field at time 
aero 

At tune t the armature ooil considered has area A^, 

= 6o+*'i cos(2v</T) + 6, ooo(4irt/T)+dw 
in a positive field, and area A^ , 

= ho-^i ooe(2rZ/T) + 6* ooe(4rZ/T)-4c 
m a negative field, where 

bQ+bi+bft+ = Ai, 
opd bf—1>i+bf+ . = 0 

Tbs ooeflicieots &«, hj, Zko, are dedncible by Fourier's theorem from 
a drawing of the machine under consideration 
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Let I be the totel mdnotion in ^ megnet oore, and let at tune 11 
be dutnbnted into I through . 1 through A/ and I aa a uraate 
field to the neighbouring polee 

The line integral of magnetic force from tiie pole to either adjacent 
pole la I /It, where fe la a oonatant 

We hare firat to determme I, I , I , in tenna of x and y 
Take the line integral of magnetic force m three waya through the 
magneta, and reapectively through area Aj, through area Aj , and 
aoroea between the adjaoent polea— 

= 4»Mwi+4Br»y, 

= domiiB—4*ny 

^(xi)+T‘ = ^ 

whence 1 +I +1 = I 

When t X, and y are given thia would anffice to determine I by meana 
of the known propertiea of the material of the magneta aa repreaented 
the function / We will however oonaider two extreme caaea 
between which other caaea will lie 

Fxnt —Suppoae that the intenaity of induction in the magnet corea 
la email, ao that lg/(I/A,) may be neglected, the uron bemg very far 
from aaturation We have— 

I =^|m(Ai-Ai )x+«(Ai+Aj )y} 

4ir f / 2irt , , bwt \ 

+»i(6o+&aC08^*+ )yj 

We aee that the coefficient of aelf induction y in general contama 
terma m ooa (4rt/T) 

Second —In actual work it would be nearer the truth to auppoae 
that the magnetiaing current«la ao great that the induction I may 
be regarded aa oonatant and the quantity f|/(I/Ag) aa oonaiderable 
JBut aa email ohangea in I imply very great ohaagea in 2,/(T/A^, ita 
value cannot be regarded aa known We have then— 
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= A. 1".,)+*™, 

whence 


T - (-^1 --^ 1 )1 f (A, -Ai )» vl4imy 

- ‘ ■ * Ui +Ai +2W, ^ / "2^ 


■ Ai +Ai +2fcii 


(A,-A, )I . 4A,A, +2/Z,(At+A, ) 4^y 
■ Ai +Ai +2JHi Ai +A, +2Wi 2ii 


1 or illnstration oonsidor the HimpleBt posRible rase Jet h = ? ^ = 
JAj and = } ^ = =0 and lot 21Z| be neglig blp we have— 


_ - - 2jr< , . o 4iwny 

I-I = Ioofl-Y-+Ai8in 

and the equation of cuiient will be— 

„ f2r 2irt 2mA, d / .2rt \ 1 

% = »{ T jA™’ 1 »)}■ 

instead of the simple and familiar linear cq lation 


III Transmission of Sunlight throiigli thi Earths Atmo¬ 
sphere By Captain W Da W Abnfy R F h R S 
Received 1 ebruaiy 17, 1887 

(Abstrac/t) 

The obseivatioiiB wore made by means of the colour photometer 
which General h eating and himself mtiodnoed last year and which 
they desoribod m the Bakcnan Leoturo for 1880 They extended 
over more than a year the object being to asoeitain the intensity of 
the diffiront rays in the solar spectrum after passing through various 
thicknesses of the atmosphere Owing to the unpromismg results 
obtained by Langley with his bolometer experiments, it was not 
anticipated that the variation in the intensities of the different 
rays would obey any law, but subsequent investigation showed that 
as a rule the intensity of any ray obeyed the law enunciated by Lord 
Rayleigh in that I = I *, where I and I are the initial and 
tr^mitted wave lengths x the thickness of the medium throu^ 
which the ray passed, and k a constant, X being the wave length The 
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Htandard illaminatmg yalae of the spectrum was taken from obseiva- 
tioiui made m Switzerland at 8000 feet altitude on September 15 at 
noon The other observations wete made at South Kensington It 
was found that with the wind in the proper quarter the skj at the 
latter place was as pure in colour as in the country, and that measures 
made on the days on which there was apparently no haze gave results 
which when combined together gave a minimum value for i of 0 0013. 
A mean of the results showed that 1 = 0 0017 

The author then discusses the value of the area of tho curves so 
obtained, and shows that astronomers who have used tho ordinary 
logarithmic formula of I' = Ia~*“ have not erred in so doing, but 
that these results aie perfectly concordant with the results obtemed 
by taking tho different values of absorption over the whole visible 
spectrum Ho further shows that with the coefficients of trans¬ 
mission for different wavo lengths which Langley has published, the 
above formula is applicablo,whioh is contrary to the theory which 
Langley propounded Tho author fuithei shows that when using the 
part of the spectrum to which vaiions photogiaphic salts ai e sensitive, 
tho anas of tho curves of intensities also fall in with the logarithmic 
formula 

He also points out that if the value of ft m tho foimnla 1'= le 
(from which the formula I = is deduced) bo divided bv 104 

in the case of tho optical value or by 255 in tho case of the photo¬ 
graphic value, when bromoiodide of silver is employed on the 
sensitised plate, tho value of k is obtained 104 and 255 lepresent 
1/X* of 5570and 4450 respoetivoly From this he deducts the fact tliat 
the illuminating value of any part of tho visible spectrum on any day 
at any hour can be ascertained by taking the optical and photogiaphic 
values of total sunlight This plan not only enables tho light which 
undergoes geneial absorption to bo calculated, but also the values of 
loss of intensity for each ray He farther iiidicatos that a doable 
photographic observation, in one of which the less refrangible end of 
the spootrum, and in the other of which the more refrangible is used. 
Will give similar results 

Experiments on tho photogiaphic methods are desonbod, and the 
results agree with those which theoiy indicated would arise 

The author states that tho high altitudes in the Alps may not be 
suitable for observations of wave lengths m the infra-red, but that 
they are especially suitable for observations in the visible part of the 
spectrum, since the atmosphere is very often free from dust, though 
it may not be free from aqueous vapour, and the latter affects the 
dark rays vastly more than it does the visible rays He then points 
out the probable cause of the presence of particles which scatter light, 
and bn^y disoussee the differences which he obtains in his value for 
the transmission of light, as compared with Bouguer, Seidel, 
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Fntchud, and othara He {nrtiher ehowa that obeerrationa made by 
people who are ooloniNblmd in the red tend to diminuh tiie Taloe of 
the coefficient of tranamission, and that the difference between stellar 
and solar light oannot aooonnt for the apparent discrepancy It would 
appear that Professor Pritchard's manmnm valne for t^ coefficient 
of transmission at Cairo does not differ much from his 
The valaes of the different eolonrs in the spectrum which Bood has 
adopted from Vierordt's method are then diaonaaed, and corrected 
according to the authors determination of the values on a day in 
June 

A senes of tables close the ]Mper, in which the onginal observations 
and the dednoed valaes are given 
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Transactions 

Gulcntta —Asiatic Society of Bengal Jonmal (Natnral History) 
Vol LV Part 2 Ho 3 8vo Calcutta 1886 Jonmal (Philo 
logical) Vol LY Part 1 No 8 8vo Gaieutta 1886 Pro¬ 
ceedings 1886 Nos VIII-IX 8vo Calcutta The Society 

Dnblm —Boyal lush Academy Proceedings (Literature, in ) 
Vol II No 7 8vo Dublin 1886 Proceedings (Science) 
Vol rV No 5 8vo Dublin 1886 Transactions (Literatnre, 
do) Vol XXVII Parts 6-8 4to Dublin 1885-86 Trans¬ 
actions (Science) Vol XXVIII Parts 21-25 4to Dublin 
1885-86, “ Ganningham Memoirs ’ Nos II-III 4to Dublin 
1886 The Academy 

London —Entomological Society Transactions 1886 Part V 
8 vo London The Society 
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1884 Ditto Vol XVII No 1 8vo London IBB* 
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Manchester —Geological Society Transactions Vol XIX 
Parts 3-4 8vo Manoheater 1887 The Society 

Palis — Somite Franfaise de Phjrsiqne GoUeotion de Memoires 
relatifs a la Physique Tome III 8vo Pans 1887 

The Society 

Pesth —Xonigl Ungar Geologisohe Anstalt Foldtam Eoalony 
Kotet XVI Faset 7-12 8ro Budofott 1886, Mittheilnngen 
ans dem Jahrbnche Band VIII Heft 4 8vo Budapest 1^7, 
Gatalog der Bibliothek Snppl 1 8vo Budaput 1886 

The Institution 

Stockholm —^Eongl Vetenskaps Akademie Ofversigt Arg 43 
No 10 8vo Stockholin 1886 The Academy 
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Tnrm —B Accademia delle SmenM Atti Vol XXII Dup 3 
1886-87 8vo Torvno The Academy 

Vienna —E Akadeniie der Wiesenschaften Anieiger 1887 
Nr I-V 8 to [TTien] The Academy 

Watford —Hertfordshire Natural History Society Transactions 
Vol rV Part 4 8 to London 1887 The Society 


Airy (Sir Q B ), F B S Namencal Lunar Theory 4to London 
1^6 The Astronomer Boyal 

Andrews (T ) Effect of Temperature on tho Strength of Bailway 
Axles Pait n [In Manuscript] Folio [1887] The Author 

Luhmann (0 von) Sprache nnd Sohnft (Two copies) 12mo 
[areiftwald 1887] The Author 

Newton (A), F B S, and J W Claik The Woodwardian Professor 
and the Sedgwick Memorial Museum 8vo C imbndge 1887 

Tho Authors 

Sasse (E ) Die Erhaltnng der Empfindungs Energte 8vo Berlin 

1887 The Author 

Serraut (L ) L Acide bosohque (Two copies) 8vo Pons [1886] 

The Author 

Shaw (H S Helo) Cantor Lectures on Friction 8vo London 
18^ Tho Author 

Stobpine (D) Essais do Fhilosophio des Sciences 8ro Qenivo 
1886 Iho Author 


Photographs of Cape Observatory, Extenor nnd Interior, with 
Photograph of Stars about ^ Argus, and other Photographic 
Star maps Dr Gill, F B S 

Messotmto Engraving of Ihomas, Lord Bishop of Boohestor, and 
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Mr Eldndge Sprait. 
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Match 17, 1887 

Profcisaor STOKES, D 0 L, Preatdent, in tho Chair 

The Presents received were laid on the table, and thanks ordeied 
for them 

The following Papeis were read — 


L “ A Codl-duBt Explosion ” By W Gajllowat • Communi- 
catod by R H ScOTT, M A, F R b Received Februaiy 17, 
1887 

(Abstiact) 


The Silkstone pits of Altofts Collieiy, near Noimanton, m York¬ 
shire, in which the explosion took place, are 420 yards deep Both 
shafts are round, the down-cast boing 12 foot and the up oast 10 feet 
in diameter The thickness of the working, inclnding a bed of soft 
shale below the seam, used as a holing, is 4 foot 6 inches The 
system of working is longwall The number of men and bo}s 
employed undeigionnd in the day shift was about 350 The colliery 
IS now twenty one years old 

Yeiy httlo hro-damp is produced in the workings Naked lights 
were used by all the workmen for twenty years before February, 
1886, yet during the whole of that period no single workman bad 
been injured by an explosion of fire damp, great or small 

Besides being naturally very free from fire damp, the workings of 
this mine were continuously swept by strong and swift currents of 
air, produced by means of two ventilating furnaces at the bottom of 
the up cast abaft, amounting m the aggregate to 147,380 cubic feet 
per minute 

As the roof subsides upon the stowing near the faces, it is neces¬ 
sary to take down a certain thickness of it m the stall roadways, in 
order to preserve them at a woikable height For this purpose about 
4 feet in thickness of roof was taken down by blasting m each stall 
road, the height being thus made abopt 8 feet 6 inches, at a distance 
of 10 or 12 feet back from the face Each stall road thus required 
about one blasting-shot, with a charge of from two to throe pounds of 
powder to be fired m it about once every five or six days, so that 
from seven to ten blasting shots were fired near the faces every day 
In this way the fioor ot each roadway became coveted with small 
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pieces of broken roof, which oompleteijr obsonrod any small quantity 
of coal or coal dust that might have fallen upon it, and been left 
there in the process of ooal-getting 

The tubs consist of rectangnlai wooden boxes monnted on 
wooden frames, with wheels attached to them Ihey were filled 
with coal to a level with the top and then contained abont 10 owt 
Thus although no coal could fall over the ends oi sides, the vibration 
duo to the opeiation of hauling caused coal dust and small pieces of 
coal to bo shaken ont thiongh the seams in the sides and bottom on 
to the load way beneath Here it accumulated little by little between 
the rails, and to a distance of a few inches on each si le of them, and 
the attiition due to the constant tiampling of men and horses 
together with the occasional dragging of the endless chains on the 
floor gradnally nducod it to a state of fineness The quantity of 
coal dust which occnmnlated on any roadway was thus other ihingtf 
bring equal, proportional to the number of full tubs that had passed 
along it from the first, so that the oldest roadways would naturally 
bo the dustiest witi the accnmulatious not removed from time to 
time 

faoh return air way represents the oontmnation of a stall road all 
the way from near the bottom of tbe up cast shaft to the face and it 
mnsl therefore contain in any given section of its length abont the 
some avetage quantity of coal dust as any ordinary stall road But 
the return an ways are all used as travelling roads for the men and 
boys going to and from tbe faces, and the constant trampling of 
feet soon mixes up any little coal duel there may happen to be on the 
floor with the dust of the roof stufl, and leduces the whole to an 
impalpable powder of a light grey colour 

Ihe following conditions thus preiailcd before the explosion — 

1 An unusual immumty fiom fire damp 

2 Veiy excellent ventilation 

3 Blasting going on at the rate of say 2000 shots a year, involving 
the consumption of upwards of two tons of powder in the some tune, 
and this within the sone of subeidence where practically speaking, 
all the fire damp was given off, and where theie was no coal dost 

4 Pure air filbng the intake air ways from the bottom of the 
down oast to the faces 

6 Air containing all the fire damp in the colheiy filling the 
working places and the letum airways from the faces to tho 
up-oast 

6 Coal dust in the intake air-ways decreasing rapidly near the 
&oes 

7 Light grey dust of roof stone, but no visible coal-dust m the 
return an-ways 

The collieiy had been earned on under these conditions fur seven- 
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t«en years rrithin the experience of the present manager. During the 
whole of that time no blasting had ever been done in any intake air¬ 
way. On the 2nd of October last, however, a party cd men were 
iustmcted to blast away a portion of the side of the west chain road 
at a distance of abont 550 yards fram the bottom of the shaft. They 
lired three shots in all, and the third caused the explosion. It was 
not a blown-ont shot in any sense. 

The mechanical effects were exactly the same as those produced 
by other explosions. Timber was tom out, and falls of roof some- 
times of great magnitude and extent wore caused all through the 
intake air-ways, as far as the flame reached. In the endless chain 
roads the box part of each empty tub was swept away from the frame, 
and shattered into small pieces, not one being left whole. A spare 
pulley-wheel, 4 feet in diameter and weighing 15 cwt., which had 
been standing on its edge leaning against the side near the end of the 
west chain road, was carried four yards inwards towards the face, and 
laid flat on its side. 

The flame traversed all the intake air-ways, except the new east 
road, and died out in some nearer to, and in others further from, the 
faces. It did not lu any caso pass into a return air-way. It did not 
rbaoh the face of the workings at any point. 

The' new east road was quite undisturbed, Two men who were 
working in it felt a concussion of the air, but saw no flame, and came 
out unscathed. This result appears to be duo entirely to the circum¬ 
stance that the principal stables wore ranged along the entrance to 
this road, and the ground having been kept constantly wet with the 
water used in the service of the horses, the flame was unable to pass 
that point for want of coal-dust to sustain it. 


II. “ Second Note on the Geometrical Construction of the Cell 
of the Honey Bee (‘Roy. Soo. Proc.,' vol. 89, p. 258, and 
vol. 41, p. 442).” By Professor H. Hknnkbst, F.R.S. 
Received February 21,1887. 

If from the intersections of the diagonals of the three losenges 
forming the apex of the cell, perpendiculars be erected, these will 
meet at a point on the cell’s axis, and each of them is manifutly the 
radius of a sphere tangent to the three losenges. A plane passing 
through a radius and the axis passes through the short diagonal, «, of 
the losenge whose length is kv^(3/2); using the notation and resnlta 
of the paper above cited. 

The distance intercepted on the axis hy a perpendionlar let fall 
from the middle of the losenge is equal to a s A/(2 ^2), and as this 
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perpendioakr is mftmfestly eqasl to y(^e* — a)*), and as we hare 
eridentlj— 


v/(ie»-*«) 2a> 


wo obtain r = 


Bat h y/3 IB a diameter of tba bexaKunal pnsm perpendioalar to two 
of its opposite facts hence a sphere inaj be inscribed within the 
cell from a point moasnred fiom the vertex at a distance equal to the 
side of one of the lozenges and with a radios o jual to half the long 
diagonal of this lozenge, while another sphere with a diameter equal 
to throe times the side of the lozenge circumscribes the tnangnlar 
pyramid at the summit 

The diameter D of the inscribed sphere is equal to the diameter of 
the cell while the diameter D of the czteri r sphere is equal to the 
sum of throe edg;es of the pyramid, and it thoruforo follows from the 
first note vol 41 that between these diameters we* have the 
expression— 



The relation between the geometiioal cell and the intonoi and 
extenor apberos whose diameters arc connected by this equation may 
possibly have some bearing on the qnesiion of the formation of the 
actual cells 


III The Embiyology of Mon tremata and Marsupialia Part I 
By W H CALDYnHiL M A h tllow of (ronville and Caraa 
College Cambiidge Communicatid by Prof M hosTlidt, 
Sec RS Received hcbiuaiy 22, 1887 
(Abstraet )• 

1 The Ljg wembranef 

InMonotremata in very young ova a fine membrane exists between 
the smgle row of folhcuW cells and the substance of the ovum This 
membrane which I will call ihemtelltnc tioihrane at first increases 
in thickness with the growth of the ovum and through it pass name 
rouB fine protoplasmic processes connecting the protoplasm of the 
follicnlar cells with that of the ovum, and serving to condnot food 
granules, whioh appearing in the neigbbonrhood of the nnolei of the 

* Ihe author being st tho present time m Aiutralis and so unable to correct tiu 
proof of thu abstract 1 hare undertaken tbu duty In doing so I have ventured 
for the sake of what appeartd to be inueased oleameM to introduce into { 1 some 
modi fl oations of the author s mannsenpt being guided tborem by the author s more 
detailed aooount givoi in the fuller paper —1£ VoeTsa See R 8 
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oelli, travel thence to the ovum; food grannies also appear in 
the neighhonrhood of the germinal vemole, and travel away from 
it hence the home-ihoe shape of the jolk-maas as seen in section. 
The time dnnng which food granules are thns passing fiom the 
follicular cells to the ovum may bo called " the yolk forming period ” 
It 18 succeeded by a ponod during which the vitelline membrane 
again becomes thin, the follicular cells are reduced to a single layer, 
and the cells are very thin and fiat This period may be called 
the “ absorption of fluid period,” since dnnng it the ovum absorbs 
large quantities of fluid through the thin vitelline membrane and 
single layer of thin follicular cells, and thereby increases largely in 
sise 

This 18 in turn snooeoded by a third period, during which the folli* 
onlar cells again become active, multiply, increase greatly in sise, and 
give rise Jwtween themselves and the vitellino membrane to a deeply 
staining homogeneous layer, which 1 will call tJte chorxon. This period 
may hence be oalltd ” the chonon forming ponod ’ All these throe 
penods are gone through while the ovum is still m the follicle 

Upon the bursting of the follicle and the reception of the ovum in 
the Fallopian tube, a few of the follicular oolls remain attached to the 
chonon, the majonty are left behind within the bnrst follicle 

Dnnng the passage along the Fallopian tube, the vitellme mem. 
bnane again increases in thickness, and the chonon, also increasing m 
thickness, absorbs fluid and becomes thi albumm layer Outside this 
now appears anew stiuoturc, the thdl or 8he11>membrane, of tough 
parchment>Lkr consistency,* not staining with reagents I base not 
yet traced the deposition of the shell to the activity of any speoial 
glands, but 1 oan say that the shell-membrane does not increase at 
the expense of the chonon or aibnmen layer 
After reaching the uterus both vitellino membrane and sbell-mem- 
brane increase in thickness, but the albumen layer diminishes and 
disappears, serving apparently for the nntntion of the ovum Imme¬ 
diately beneath the vitelline membrane a new layer is now seen in 
hardened preparations, but it may be shown that this layer is really 
fluid, yielding a coagulum which stains deeply with reagents, the 
flnid ^ing apparently derived, tbrongh the membranes, fiom the 
uterine glands 

In Marsnpialia the history of the vitelline membrane, save that 
” the yolk forming period" is not marked off from the ” absorption of 
fluid ” ponod, IB sim^ar to that in Monotromata I have not been able to 
trace the begiimmg of the ” chonon ” while the ovum is still in the 

* In the shell of the laid egg of Eehidns I here not detected oolcio eslte, but that 
of Omithorhynoiu gives me to gM when treated with dilute seid 
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oTftTjr, in Hanoputlu bntinanovomof PhaBoo]aroto8,fromthanteriu, 
I foand a ohonon like that of Monotremata, and Rurronnded moreover 
bj a thin tiansparent membrane—a thell membrane Within the nteros 
t^ ohonon, increasing in thickness, becomes transformed into an 
albumen layer, and is oventnally absorbed, passing through the 
vitelline membrane to nourish the ovum, so that oventni^y the 
vitelline membrane comes to be dose to the slioll 
As m Monotremata, a coagulable, and when coagnlated, deeply 
staining flnid makes its appearance between the vitelline membrane 
and ovnm (blastoderm) 

The shell membrane persists until the developing ovnm becomes 
fixed to the walls of the ntems after which it disappcais 

The paper then compares the egg membianes just dosenbod with 
those of Plaoentalia, and those of Vertebrata generally 

2 SegmeiUatum 

The teloleoithal ova of Monotremata and Marsnpialia go throngh a 
partial segmentation The ova of Plaoentalia segment complttely, 
bnt the resnlting blastodermic vesicle is identical with that produced 
by partial segmentation in Monotromata and Marsnpialia 

In Sionoiremata there is a posterior bp to the blastopore similar to 
that of Elasmobranclui The epiblast grows in so rapidly from the 
sides that a primitive streak rpgion is formed in fi-ont of the posteiior 
hp long before the epiblast has encloBf>d the yolk Thu nnenclosed 
area m front of the primitive streak probably inclndes a region 
whore the hypoblast (folk) has secondarily broken through the 
epiblast The existence of sneh a region would liide the position of 
the anterior lip of the blastopore The cironmference of the circle 
made np by the larger arc of the edge of the blastoderm on the yolk, 
and the smaller arc of the posterior lip of tho blastopore, is a 
measaro of the quantity of yolk in a moroblastio ovnm 

In Mareapialia the epiblostio growth encloses the hypoblast at 
a very early age, except over a narrow slit in front of the posterior 
hp of the blastopore This slit corresponds to tho area enclosed by 
the circle described above in a meroblartic egg The primitive streak 
u not oonspicnons at aft early age becanse of the laige mxe of the 
cells No hypoblast projects throngh the epiblast in front of the 
primitive streak region I would explain the segmentation and the 
gastmla of Placontalia in the same way Balfour s objection (‘ Comp 
Embryo!,* vol 2 p 187) to Tan Beneden s original comparison of the 
blastopore of the rabbit with that of a frog, u explained awaj by 
the presence of a posterior lip to the blastopore in Marsnpialia My 
explanation postnlates tho exutence of a similar straotara in the 
rabbit The blastopore of the rabbit corresponds therefoie to the 
whole area marked out by the growing epiblast and the posterior bp 
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of thb blaatopore before the oloaing of Uie primitiro atreak region, or, 
to thie area minne the aeoandary eztenaiou, oaoaed by the projecting 
yolk, in Monotremata. 


rV. “On the Total Solar Eolipeo of August 29, 1886 (Pre¬ 
liminary Account).” By Arthur Sohustbr, Ph.D., F.R.S., 
ProfesRor of Applied Mathematics in Owens College, Man¬ 
chester. Received March 3, 1887. 

The inatrament enti-ustod to me by the Eclipse Expedition was 
similar to that employed in Egypt during the eclipse of 1882. The 
eqnatoreal stand carried three cameras, one of which was intended 
for direct photographs of the corona, while the two others were 
attached to spectroscopes 

Photographi of the Corona .—The Ions had an apertnro of 4 inches, 
and a focal length of 5 feet 3 inches; giving images of the moon 
having a diameter of abont 0 6 of an inch. 

During the first min ate of totality the corona was covered by a 
oload, which was, however, safficiently transparent to allow the 
brightest parts of the corona to show on the two photographs exposed 
daring that time 

Daring the remaining time, that is to say, daring about two 
minntes and a half, the sky was clear, but there wore clouds in the 
neighbourhood of the sun. 

The time of exposing the photographs, which hod been fixed before¬ 
hand, had to be altered in consequence of the uncertainty of the 
weather, and for this reason I can only give the actual times of expo¬ 
sures \ury approximately and from memory One photograph on 
sensitive paper shows only little detail; but three photographs on 
glass were obtained, which, as regards definition, I believe to bo equal 
to those obtained in Egypt The approximate exposures were 15 to 
20 seconds, 10 to 15 seconds, and aboat 5 seconds. 

With the view of possibly increasing the amount of detail, which it 
has hitherto been possible to obtain on the photographs of the corona, 
I have, on this occasion, given oonBiderablo«ttention to the different 
adjustments, so as to fix the cause which at present limits the defini¬ 
tion. A telescope of 4 inches aperture ought to separate two small 
objects which are at an angular distance of about 6 booonds of aro. 
The theoretical resolving power'ean only be realised with small and 
distinct objects like doable stars; in an object like the corona it is 
difficult to estimate the resolving power actually obtained. Neverthe¬ 
less, as far as I can judge, the photographs obtained in Egypt and in 
Qrtmada with the same instrument show no detail which theoretioally 
could not have been seen with an aperture of 1 inch. The photo- 
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graphs obtained in India dnnng the eclipse of 1871 show about the 
same fineness of detail as those obtained in 1882 and 1886, but the 
aperture then employed was only 2 inches It appears from this 
either that tho corona does not os a rule show sufiioient detail to 
warrant an aperture gi eater than 2 inches, or that for some other 
reason tho fall advantage of an aperture of 4 inches has not been 

r6ftliBod 

A linear object having an angular magnitude of 6 seconds of arc in 
a camera of 63 inches focal length would have a length of about 
tho 000th part of an inch in the photographic plate llemembermg 
the fact that diffraction gratings have been photographed with 17,000 
lines to tho inch, it is clear that it cannot be tho fault of the photo* 
graphic film if greater definition is not obtained 

Ihe different adjustments which it is m th power of the observer 
to rigulate can all bo easily made to the required accuracy I 
feel certain, at any lato that during the last eclipse the orienta¬ 
tion of the instrument and the average rate at which the clock went 
duimg the eclipse were suffioiont to give the theoietical resolving 
power 1 hero seems to me to be only one way in which an impiove 
ment in the photographs can be hoped for The mechanical anange 
ment by means of which tho clock motion is tiansioned to the camera 
18 fai from perfect 1 he soi les of cogged wheels which transmit the 
motion must do so in ray opinion, m an iiiegular and usriUatory 
manner, so that although the average rate of the cluck can be regu 
lated with snfiieieiit accuracy, there are minor periods which senously 
interfere with tho i egulanty of the motion and tho definition of the 
images If we are to obtain better photographs if tho corona we can 
only hope to do so by means of a bettci moohanical arrangempiit for 
moving the oameia 

jPh(dographi of ihe Spectrum of the* corona were obtomod by means 
of two instruments one being identical with that employed at 
Caroline Island in 1883 This spectroscope bns two prisms of 02'* 
refracting angle, the theoretical resolving powei being ahunt 10 m 
the yellow (Tho unit of resolving power is that resolving power 
which allows of the separatiou of two hues diffoiing by the thou 
sandth part of their own wave length ) The eht of this speetrosoope 
was placed so that it was tangentwl to the image of the sun formed 
by the oondensing Ions One plate was exposed dnnng the whole 
of totality The results are good, a nnmboi of hues belonging to the 
prominences and to the corona are very distmet and oau be measured 
with fair aocuracy The difiSculty of measurement lies in tho mnlti- 
tnde of Imes I have measured at piesent between forty and fifty 
distmct oorona lines between the solar hnes F and H, and a nnmber 
remam unmeasured 

A companson between the photographs of 1882 and 1886 shows 
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that although the lines seem to he in the same position their relatire 
mtensity has greatly altered The strongest oorona line during the 
last eclipse had a ware length of sbont 4282 it is slightly bat 
distinctly less refiangiblo than the strong calcium line at 4226 
The measurement of the photographs is very fatiguing to the eyes 
and it IS only when those are in exceptionally good condition that the 
work can be done with any degree of accuracy The delay in bring 
mg out a full report is solely due to this difflonliy 

Ihe second spectroscope had its slit placed so as to take a ladial 
section of the corona It had one largo prism ppving a theoretical 
resolving power of 114 slightly laigei thoreforo than the two 
pnsm spectroscope 

The film was one piepared by Captain Abney so as to be more sen 
Sitive in the green than the ordinaiy } lates ' 

The photograph obtained is Aunt but 1 believe will ultimately give 
good results 

A good di awing of the corona was obtained by Captain Mabng at 
the station occupied by Captain Darwm and myself 
The plates weio piepared by Captain Abney whose valuable help 
1 have had in the whole of the preliminary arrangements 
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“ Contributiong to the Chemirtry of Chloiophyll No 11 ” By 
Edward Sohunok, F K S Received November 25,—Read 
December 16, 1886 

[Plat* 1 ] 

Considonng the intimate thongh ns yet little understood con¬ 
nexion betvrcen chlorophyll and the carbon dioxide of the atmo 
sphere it seemed to me that it might be of intciest to ascertam 
vrhether compounds of phylloi^anin, similar to those pievionsly 
described, could be obtained in which the oiganio or other acid should 
be replaced by carbonic ai id 

On passmg a current of caibon dioxide fhrongll a solution of 
phyllocyanin in absolute alcohol holdmg a quantity of freshly 
precipitated hydiatcd ferrous oxide in suspension, no combination 
took place, the phyllocyanin remaining unchanged, thongh the 
current of gas was passed through the liquid for a consideiablo time 
On substituting freshly precipitated oupno oxide fit the ferrous 
oxide there were slight indicatioiis of some leaction taking place, bnt 
the phyllocyanin remained for the most part uncombined 
A much more decided effect is piodueed when rino oxide is 
employed On passing a eunent of carbon dioxide foi several bonra 
through an alcoholic solution of phylloeyanm holding hydrated /mo 
oxide in suspension, the colour of tbo liquid changes degrees, tho 
dull phyllocyanin tint dihappeaiing On being Alteicd from the 
excess of emc oxide (which retains a pale green t nt not lemorable 
by washmg with alcohol) it appears of a 6ne bluish green it fluoresces 
strongly, and shows abbot ptiun bands which comcide with those of 
the alcoholio solution of phyllocyanin xino acotate The liquid leavea 
on evaporation a daik green semi crystalline residue, which may be 
heated to ISO" without undergoing any change, bnt is decomposed at 
a temperature of IbO—170° It is, however, very easily decomposed 

by the action of strong acids On adding a little hydroohlono acid 
to its alcoholio Bolntion and beating, babbles of gas are seen to 
escape, tbo colour of the solution ohan^ to blue, and on now adding 
water there is a dull floccnlent precipitate, which dissolves easily on 
shaking np with ether, the solution showing the ooloor and absoip 
tion bands peculiar to phyllocyanin solutions There can bo no 
doubt, therefore, that the compound formed is a phyrlloeyanm zme 
carbonate, which the action of strong acids is decomposed, yielding 
phyllocyanin and carbon dioxide An alcohoho solution of tho oom- 
ponnd exposed in an open test-tube to sunlight soon loses its bright- 
green colour and becomes yellow, the absorption-bands at the same 
tune disappearing 
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The oomponnda of phyIIo< 7 anin oontaming nno are in some 
reepecta not unlike chlorophyll itself, or rather the green constituent 
of chlorophyll, and it was, therefore, natural to suppose that the 
peculiar effects obserred when ainc powder was made to act on 
Hoppe Seyler s ohlorophyllan (impure pliyllocyamn P) were duo to 
regenerated chlorophyll The phyllooyamn sine compounds, like 
chloiophyll itself, yield bright green strongly fluorescent solutions, 
they are easily decomposed by strong acids and they are rapidly 
changed under the eombin#! influence of air and light The abrorp- 
tion spectrum of the phyllocyanin sine compouuds consists like that 
of chloiophyll of foul bands, but the bands do not exactly coincide 
with those of chlorophyll as rcgaids position and lelativo mtensity 
In making such compansons it must not of course be forgotten that 
what we in a genend way call chlorophyll is a mixtuio the com 
ponents of which have not hitherto been separated fiom ono another 
in a satis&ctory manner 

Ihe TanouB double compounds of phyllocyanin aio not equally 
susceptible to tht influence of an and light tht y difier as much in this 
respect, %nier « , as do phyllocyamn and chlorophyll, the foimer being 
a very stable body, the lattei exceedingly unstable Iho compounds 
containmg anio aio moat easily changed, while those containing 
coppei are very permanent Thobo differ enoes were cloaily manifested 
m an experiment ot which the results were as follows —A dilute 
alcoholic bolutiou of phyllocyanin was divided into fonr t qnal parte 
In one part the phyllocyanin was left nncombmed in t^e second 
part it was by the addition of acetic acid and sme oxide and boiling 
changed into phyllocyanin sine acetate while in tho third and fourth 
parts it was m like manner converted into phyllooyanm feirous 
acetate and phyllocyanin cupnc acetate rospootively All four liquids 
having been made equal in volume by tho addition of alcohol where 
required, were exposed from the end of July in loosely stoppered 
oylinders to alternate sunlight and diffused daylight, an alcohohe 
solution of chlorophyll of approximately the same intensity as the 
phyllocyanin sine acetate solution being placed m a hfth vessel at the 
side After three days’ exposure the chlorophyll solution had 
become nearly colourless though it still showed bands due to ready* 
formed phyllooyanm After one week s exposure the phyllocyanin 
nuo acetate solution had lu like manner lost the greater pait of its 
green colour, ratainmg only a faint greenish-yellow tinge with a 
slight fluorescence, and showmg a hunt band in the red After a 
fortnight’s exposure the solution appeared nearly colourless, and the 
hand in the red could only be seen when the light passed through a 
oonnderable thickness of liquid, while the other solutions were quite 
unaltered as regards colour and absorption bands After a farther 
exposure of five weeks the phyllooyanm solution had become much 
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pftlsr, thongh still showing the oharactenstio absoiption bands, while 
m the Bolntion of the fi^rroiu compound only a faint indication of the 
band in the red oonld be seen, the eolation of the oaprio oompoand 
remaimng quite nnohanged as regards intenaity of colour and distinot* 
ness of abfioiphon After a etill farther exposure the absorption- 
bands of the phylloojanin solution had ncaily disappeared, only a 
famt mdication of the one in the rod remaining, but no change could 
be perceived in the solution of the cupno compound It appears, 
therefore, that while the zmc compound* shows far less stability 
when exposed in solution to the action of air and light than unoom- 
bined phyllocyanm, being indeed almost as unstable ns chlorophyll 
itself, the cupno compound is far more stable, the ferrous compound 
oocupymg in this respect a position intermediate between that of the 
line compound and that of nnoombined phyllocyaniA There are 
few compounds of ooloanng matters which would withstand the 
combined action of light and oxygen for so long a penod as phyllo 
qyamn cupno ^acetate Ihe instability of the siuc compound must 
be due to the nature of the oompoand itself, for it is difficult to 
suppose that the metallic base can m any way assist in the process of 
oxidation, for such the process must be 
Aetton of Oaustto Att^i and A\no on Phi/lloeyanvi —When phyllo 
cyanin is tieated with boiling oaustto potash lye to which vine powder 
18 added, it dissolves rapidly, yielding a dark greenish blue solution, 
which after filtration from the excess of sine, gives with acetic acid 
a green precipitate Ihis precipitate, after filtration and washing, 
dissolves in other, giving a fine bluish green fluorescent solution, 
which resembles the solutions of phyllocyanm sine acetate, but shows 
a slightly diffcient spectium all the bands except the first being 
farther away from the red The ctheieal solution leaves on spon¬ 
taneous evapoiation an amorphous residue, which is green by trans- 
mitted, pm pie by reflected light When instead of acetic acid hydro 
chloric acid is added to the greenish blue alkaUne solution, there is a 
dark green precipitate, which differs from phyllocyanm inasmuch as 
its ethereal solution is greener and far more fluorescent than an 
ethereal solution of the latter, and shows a spectrum of flve bands, 
all of which he farther away from the red than the oorresponding 
ones of phyllocyanm It is probable that the precipitate with hydro- 
ohlono acid consists of a product formed by the reducing action of 
sino on phyllocyanm, whereas the precipitate with acetic acid lepre- 
sents the doable oompoand of this body with smo and acetic acid, 
being formed when acetic acid is added to the solution containing the 
product of reduction along with smo oxide 

Aotton of SydrocUorte And and lletallie T%n on Phyllooyantn — 
When metallic ion is added to a eolation of phyllocyanm in concen¬ 
trated hydrochloric acid, the eolation on standing gradaally loses its 
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bright blnt8h<green oolonr, which changes to a doll ohve-green The 
addition of water to the solution prodnces a brown precipitate, whioh 
being filtered ofiT and washed to remove the acid, dissolves much more 
easilj m boiling alcohol than phjlloojanin, giving a dark olive 
coloured solution This solution loaves on evaporation a brown 
amorphous residue, which treated with other dissolves for the most 
part Ihe etheieal solution has a gpeon colour with a tinge of red, 
and shows a spectrum consisting of eight bands, it loaves on evapo 
ration a semi orys^lme residue, nhich is green bjr transmitted 
purple by reflected light On the addition of concentrated hjdro- 
ohlono acid it sepaiates into two distinct layers, the upper one being 
colourless, while the lower one is green and shows four bands 

By the prolonged action of tin on the solution of phylloi^nin m 
hydrochlonc acid, a farther and more complete change is effected the 
solution acquiring a bright rod colour without the least tinge of green 
On adding water the solution gives a rod floccnlent precipitate, which 
filtered off and washed appears dark red the filtrate letaining an 
orange colour, and showing a broad ill defined band, covering part of 
the green and blue The precipitate dissolves almost entirely in 
warm alcohol, giving a bright red solution This solution, on adding 
a little caustic alkali, acquires a bright lemon yellow colour, but the 
red colour is restored by an exoeee of hydrochlonc acid the alkalme 
solution shows a broad band between the green and bine but on 
standing a short tune exposed to the air it changes becoming of a 
deeper yellow, and it now shows a spectrum of three bands one in 
the yellow, one in the gieen, both pale, with a dark band between the 
green and blue The red alcoholic solution leaves on spontaneous 
evaporation a reddish brown amoiphons residue, winch dissolves only 
in part m boiling ether, giving a reddish brown aolntion, which shows 
a peculiar spectrum of six bands The body showing this spectrum is 
probably a product of oxidation of the red substance The acid liquid 
filtered from the red preoipitate, after removing the tin with snl- 
phuretted hydrogen, is found to contom a more trace of organio 
matter 

The colouring matter formed by the action of tin and hydrochlonc 
amd on pbyllocyanin resembles in some respects those oontamed in 
the petals of red flowers Hitherto, however, I have not suooeeded m 
findmg among the latter any one exactly like it 

Sxaminatum of ihe Mot^ hquore of Phylloeycmiit —Having some 
reason to snspeot that the aoetio aoid mother liquors of phyllooyanin 
oontamed some othei substance similar to it of defimte chaiaotei, I 
added watei to a portion of these hqnors, so as to throw down the 
whole of the oolonnng matter contained in it The floccnlent pre 
mpitate was filtered off and dissolved m boiling aloohol The soln* 
faon on cooling gave a oiystallme deposit which was found to posseu 
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•U Ute propertiM of plijllooTftnin. I think therefore that tiie maXbua* 
liqnon contained that oolonring matter only, along vith fatty matterli 
and other impurities. 


BXPLANATION OF PLATE. 

Ahtorptum Spectra of Pkpllocpant* and tte pnnetpal Cotnponndt and Ventatim. 

1. Ohlorophyll m alcohol. Thii npcetrum ii prm merely tor the uke of com¬ 

panion, not M a nc«r rcprrwntation of wliat liai to heqoentlj been depicted 
by othen * 

2. Phyllooyanin in ether. 

8. Phylloeyamn in concentrated liydroohlonc acid. 

4. Fhjllocyanm oupno acetate in ether. 

6. Phylloeyamn ferroui palmitate in alcohol. 

6. Phyllocjamn ferruua polmitato after treatment with hydroohlorio Iwad m the 

oold 

7. PhylloiTUun ferroui palmitate after treatment with boiling hydioehluru acid. 

8. Phylloeyamn ferroui malote in alcohol 

0. Phylloeyamn ferrotu malato after treatment with hydrochloric acid. 

10. Phylloeyamn uno carbonate in alcohol. Thii ipectrum ihould be compared 

with that of chlorophyll 

11. Product obtained by treating phyllooyanin with cauitio alltali, then with aoetio 

acid, m ether. 

18. Product formed by the further action of acetic acid on the preceding, m ether. 
18 Prodoot of the action of alooholio potaih or coda on phyllooyanin, in etlier. 

14, Firct product of the action of tin and hydrochloric acid on phyllocyanin, b 
ether. 

16. Fmal product of the action of tin and hydroohlono acid on phylloi-yanin, in 
ether. 
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Jfarefc 24,1887. 

Professor STOKES, D.G L, Fro<ddoat, in tho Chair. 

The Presents received ware laid on the table, and thanks ordered 
for them. 

Major A. W. Baird, B E. (elected June 4, 1885), was admitted into 
the Society. 

The following Papers were read.— 

I. “Prelitnimuy Note on tho ‘Eadio-mirrometer,’ a New 
Instntment for Meewuring tho Most Foeblo Radiation.” By 
C. V Boys, Demonatrator of Physios at tho Science 
Schools, South Kensington. Comiuiinicated byProteseor 
A. W RCOeer, F.R.S. Received February 24, 1887. 

Till lately the thermopile and galvanometer have afforded the 
most delicate means of detecting and mcasui’ing radiant energy. This 
Gombination has been surpassed by Professor Langley, who has made 
use of the increased resistance of metallic wires or the diminished 
resistance of a carbon filament whon warmed 

It seems difficult to believe, in consoqaenco of the very small change 
of resistance which even iron nndergoes whon slightly warmed, that 
this is tho best principle to make use of in designing the most sensi¬ 
tive possible instmmont. I felt that if an instrument depending on 
thermo-electrio force could be made as beautifully as Professor 
Langley’s bolometer, a better result ought to be obtained. The one 
point in which the bolometer has a groat advantage is the small mass 
of the port to be heated, whereas a thermopile, delioato as the bars 
may be, has a mass so enormous that both the rate of heating and the 
nltimate rise of temperature must bo small in comparison. 

A thermopile with bars as thin as the wires of the bolomhter cannot 
be made with antimony and bismuth, and yet such a construction 
wonld be required before the thermo-electric force could be utilised to 
the same extent that the change of resistance is in the bolometer. 

If the conducting wires had no resistance, no advantage would bo 
gained by having more than one junction, provided that the galvano¬ 
meter were properly proportioned. If it were not for the resistance 
and tonion of the atrotohed wires, the moving ooil galvanometer of 
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Deprex (on the prumple of Sir W Thomion’a nphon recorder) 
would have many advantages It occurred to me that if an active 
bar were made with two pieces of metal, antimony and bismuth, 
as thin as possible, soldered edge to edge, and if the ontor edges were 
joined by an arch nf copper, and if this were hung in a strong magnetic 
held, all the advantages of an ideal thermopile and of the Depres 
galvanometer would be gamed, while the impossibility of the former, 
and the resistance and tension of the stretched wiies of the latter, and 
the resistance of the wires connecting tho thermopile with the galvano¬ 
meter would be abolished I anticipated that a greater delicacy would 
be obtained than has been considered possible, that the instmment 
would be convenient in that it would be of necessity dead beat, that 
its indications would bo proportional to the received radiations, that 
it would have the constant and definite rero which mechanical control 
such as torsion gives, that it wonld not be affected by the magnetism 
of objects near it, and that as tho eircnit could be suspended m a hole 
in a mass of metal with one wmdow for the ladiation to enter, the 
instrument should be very insensitive to temperature changes other 
than thoso m tho line of action It has the further advantage that 
for spectroscopic work the radiation may bo limited by a narrow slit 
without much reducing its sensibility * It u, however, a fixed instm- 
mont that cannot be handled and pointed like the thermopile or the 
bolometer 

I have made some preliminaty expenmenta to test thoso oonclnsions 
One instmment, made by my fnend Mr Cunyngbame very roughly 
with a torsion wire suppoit only a few inches long, is fairly sensitive 

One which I made with tho active bar about 6x8X^mm, and 
with a circuit 1 cm square, of one turn of which tho three sides are 
made of copper wire about ^ mm in diameter, and in which the 
motion of the circuit is resisted by a torsion fibre of the finest spun 
glass about 10 cm long, gives when placed on the polos of a permanent 
magnet results so good that I have ventured to submit the instmment 
for inspection to the Boyal Society This particular instmment is 
capable of showing the heat whioli wonld be cast by a candle flame 
on a halfpenny at a distance of 200 yards t As I have not yet em¬ 
ployed what I know to be the best proportions, it is evident that very 
great sensibility is possible 

* 1 should have mentioned that much larger angles could be measured if the 
fibre were suspended by a torsion head and the light brought to a definite position 
for every observation —[ JfaroA 8 1887 ] 

t This same instrument with a 88 em fibre in a field of about 100 units only, 
gave a defleotion of 4 6 om when the heat cast by a candle fiame IS feet oft fell on 
the active bar whieh wai exposed over a surface of 4 x 6 mm, therefore a oandU 
8fi4t feet distant would prodooe a viaible effeot, or the heat which wonld fall on a 
hal^Mnny 1168 feei firom a oandle flame wonld be suBeient to be observable if it 
were directed on to the aettve bar —[Ifareb 8,1887] 
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It IS easy to calculate exactly what deflection will be cansed by a 
giyen rue of temperature m any instinment Taking quantities, all 
of which can be easily obtained, namely, antimony and bumnth, each 
5 X 5 X 0 25 mm , one arch of copper wire one eighth of a square mm 
m section, completing a circuit of one sqnaie cm, snspended in 
a field of 10,000 units by a thread of sneh a torsion as would 
give an undamped period of oscillation of 20 seconds, the least move* 
ment that could be detected uonld be produced byr a nso of tempera* 
tnre of about one ninety four millionth of a degree "entigrade It 
seems to be capable of attaiumg abont 100 times the sensitiveness of ‘ 
the bolometer Further the electromotive force acting at this tempo 
ratnre would bo only abont one million millionth of a volt, which 
u probably smaUcr than any that can bo detected by other 

1 am now engaged in working out sneh details as the vanons 
maxima Thus for a certain shape of circnit and number of tarns a 
oertain thidcnoss of copper gives the best result, of vaiious shapes 
the rectangle only is practically convenient, bat taking the bnt 
thickness of wire for each successive length, a ceitam lon^j'th is better 
than any other, with a particular shape and the best thickness two 
toms are bettor than one or three but it does not follow that this will 
be BO for all shapes no advantage is gained by employing more than 
one junction An increased sensibility may bo produce I by either 
using a lougei torsion thieod or a stronger field a oeriam relation 
between these and the resistance will give a maximum quickness 

The conductivity of aluminium oompaied to its moss is as is well 
known, moie than that of any other matenal, so it would be pre¬ 
ferable to copper if it were not for the difiBculty of soJdei ing it 

The instrument may be made with a second active bar, forming 
the other end of the rectangle, with its own window, and can thns 
be used difftrontially, one bar being exposed to tho radiation to bo 
moMured and the other to any compensator 

It IS interesting to note that the dampii g action is slightly reduced 
by the Peltier effect 

1 anticipate some difficulty in using the field ptoduced by an electro¬ 
magnet, for even if the effect of the heating of the coils by tho 
onrrent can bo avoided as I think it may by the use of long iron con 
neoting rods passing thiongh water, any vanation of ouirent will 
give use to motions of the suspended circuit, the nature of which I 
described in the 'Phil Mag, September, 1884 But after these 
difficulties are removed, there will remain the diamagnetism of the 
three metals and the great damping action With fields of reasonable 
strength, the diamagnetism may be set against the torsion of the 
thread, so that but fooblo oontrollmg force may be obtained by a 
thread of moderate length, but for electromagnetic fields I propose to 
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punt the aroait with a eolation of a salt of iron ontil it is mag¬ 
netically nentral 

Mr Canynghame soggested to me when I explamed to him my 
news, that a rotating instmment might possibly be made like 
Crookes radiometer Aftei some tronblo I ^ve devised and made a 
most simple rotating pile It consists of a oross with bismuth arms 
and an antimony centre To the end of each u m is soldered a piece 
of copper wire, the ^onr wires being parallel to one anothei, and at right 
angles to the plane of the moss The fonr free ends of the wires are 
soldered to a iing of coppei wire parallel to the cross If this is 
balanced on a point between the poles of a permanent magnet, and if 
radiant beat is allowed to fall on the right hand side of the oross, 
looking from the north to the south pole, the cross will at once begm 
to oscillate, making largei and larger oscillations uhtil ic rotates, 
which it will do indifferently m either direction If the heat falls 
upon the left hand side any motion that it may hare is at once 
arrested It follows that if the source of heat is removed and the 
cross IS turned meohamoally, the light hand side will be cooled and 
the left waimed 

If the cross is made with antimony arms and a bismuth centre, 
then what was true of the light hand side is now true of the left, and 
«tes tersd 

Instead of a oross and four wires I think an antimony disk, with 
many pieces of bismuth and many wues or with a nng of bismuth 
and many wires forming a sort of drum armatare would giro a 
better lesnlt, but the one desonbod with four arms rotates rapidly 
when the spuk at the end of a blown out match u> held near it 

We have in this rotating pile, which might be called an oleotnc 
radiometer, an elcctromagnetio motoi which is almost an exception 
to the axiom that such an engine cannot bo made without sliding or 
liquid contacts 

I am now working out fully the conditions of maximum sensibility, 
and hope to communicate shortly a paper to the Royal Society, m 
which they are discussed, and at the same time to show an instrument 
of the best construction and some results obtained with it 


Note added March 28, 1887 

1 have found, both by calculation and experiment, that the move* 
*ment of the oirouit becomes perfectly dead beat with a field of a little 
over 1000 units, therefore advanta^ is gamed by using more than 
one junction, as a stronger field can then he used before the motion 
becomes dead beat 

1 have spoken of a fine glass fibre as a toision support Since this 
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WM written I have duoovered a method of making fibres with a 
perfect elasticitj, and so have avoided the inoonvenionco of the 
shifting sero of the gloss fibre, and with a torsion, if required, ten 
million times less than that of span glass This will be described at 
the next meeting of the Physical Society 


II ‘ Note to a Memoir on the Theory of Mathematical Form 
(‘Phil Tians’ 188b (vol 177) pi)’ By A B Kkmpk, 
M A, F R S Recen ed February 2b, 1887 

An interesting letter of eiiticism from Profissoi C S Piirce on 
tny recently published Memoir on the Theory of Mathematical Form 
has led me toieconsider certain paragraphs therein relating to the 
definition of what I have termed “ aspects,' and I am anxious to 
make the following amendments 

For Section 5 substitutu— 

6 In like manlier some patrs of units are distinguished from each 
other, while others are not Pairs may in some cases be distinguished 
even though the units composing them are not ihns the angular 
points of n square are undistinguishablo from each other and a pair 
of such points lying at the extremities of a ude art undistinguished 
from the three other like pairs but are distinguished fiom each of the 
two pairs arrived at b} taking the angular points at the extremities of 
the diagonals, which pairs agam are undistingnishable iimm each 
other burther, though two units a and b arc undistingnishable 
from each other, an absence of symmetry may causa to be dis¬ 
tinguished from ha Thus if wo put aside difforonccs ansing from 
their positions on the paper and the use of reference letters (Secs 
41 and 42) the three black spots, a, b e, shown in fag 1, are undis¬ 
tinguished fiom eaoh othei but ab is distmgnisbed from ba, foi 
when we toko the spots a, ft, in the order oft an arrow proceeds from 
the first spot to the second but when we take them m the order ba 
an arrow pinoteds to the first spot/rom the second 

For Section 7 substitute— 

7 Again, there are distiugnished and undistinguished triads, 

tetrads, m ads, . n ads, , every m ad being of 

coarse distinguished from every n ad Just as we may have oft dis¬ 
tinguished firom ba, though a is undistinguished from ft, so we may 
have pgr$t itv distinguished from quMvt rp, though the 

unite p, q w, « are oU undistinguished from eaoh other, 

and farther, though their pairs ore also undistinguished, as likewise 
their tnods, Ac Here pqrat . uv and qvnt rp will be 

termed, as m the ease of pairs, different atpeet§ of the collection 

H,« An aspect will be fully defined and oon- 
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mdered in Sect 78//, and we slull there lee that an aipeot of a 
oolleotion of n units, t«, of an m ad, is itself an a ad It will b» 
oonvenient to speak of the aspects of the pairs, triads Sta contained 
in a collection, as if th^ were themselres pairs, triads, Ac of the 
oollootion 

For Sections 73 to 77 snbstitnto— 

78 If with each nnit of a collection of w units a h e of any 

form, we mentally associate one of a given discrete heap (Seo 37) 
of n marks so that each unit is thereby diotingnishod from each of 
the others and from all other nnits, we obtain what I hare, in 
Secs 6 and 7 termed an (upeet o(a b o 

It may assist in amnng at a proper idea of the nse and importance 
of aspects, and may justify the nse of the expressipn “ aspect,' to 
point out that when, in the consideratioii of a oolleotion of units we 
give different degroes of prominence in onr minds to different nnits 
of the collection, we are mentally affixing distinctive marks to those 
units and have a particular “ aspect of the oolleetion before onr 
mind’s eye It may be, in some oases, that we give a distinctive 
degree of prominence to one nmt only of the oolleotion, and equal 
degrees of prominence to the rest thns, when we consider the 
relations of a number of things to a partionlar thing, we affix a 
distinctive mental mark to the latter thing, and marks nndis. 
tingnished from each other to the former things It is oonvenient, 
however, for onr present purposes to confine the nse of the word 
*<aspect” to the case in which a different degree of prominence, 
or other distinctive mental mark, is affixed to each niut of the 
collection 

The n marks may be associated with the n nmts, a, b, e 
in jn different ways, givmg nse to |n aspects of a 6, c, , each 

aspect being denvabla from the otheis by trsnspositions of the 
marks When we regard a nmt a as associated with a particular 
mark y in a particular aspect of a,b,e, , we deal with a nmt 

A, which 18 a different nmt from a, and may he called an aspect of a 
Thns an aspect of the a-ad, a,h, e, . , is an n ad composed of 

n nmt aspects A, B, C, 

The nnit aspects composing one aspect of a, b, o, are each 

distmct nnits from those oamposing another aspect, and thus the |» 
aspects of a b 0, denved by employing a partionhur oolleotiun 

of n marks, furnish in all a|n nmt aspects snob as A 

Sinoe the marks employed are all distuigmshed from eaoh other, the 
n nmt aspects A, B, 0, composing a partionlar aspect of 

A, b 0, are all distingmshed fnw each other 

We may associate the same collection of n marks with any number 
of oolleobons of n nmts <*, b, e, i Ac, and 

obtain |n aspects of eaoh oolleotion 
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In fotnre when we compare aapeota of a collection, or of a number 
of collections of the same number of units, unless the oontrarj is 
manifestly the ease, it will be supposed that the same collection of a 
marks is employed in each case 

We may choose as our discrete heap of » marks a collection of a 
‘relative posi(ions or tcrtt of plaer*, nh^oh. are distinguished from 
each other and from all other relative positions t p , we may choose 
the sorts of places—first second third, &o in a row In such a case 
the units a, h r, may be regarded as occupying the soits of 

places which serve as marks 

74 If two collections of units n, h, e, and p, q r, are 

nndistingaiahed from each other they may be regarded as currespomU 
ing to each other in one or moie ways, m each of which corre* 
spondences to each unit, pair, triad, &o, of one colleohon thire cor¬ 
responds in the other a counterpart unit, pair, triad, fee , undistin¬ 
guished from the former in any circumstance In any one of those 
correspondences two corresponding units may be regarded as occupy¬ 
ing corresponding places, or, as wo may express it, places of the same 
sort and we may if we please regard these sorts of places as dis¬ 
tinguished from each other and from all other sorts ^ places t e, 
wo may rogaid the correspondence as giving rise to two aspects 
A, B, C, and P, Q , the former an aspect of a, b, r, 

the latter of p q, r. The two aspects ABO, 

and P, Q B, are clearly undistinguished from each other and, 
as the units of each are distinguished from each other, to each unit 
of one there corresponds one unit, and one only, in the other which 
18 undistinguished it 

75 Two aspects will not bo undistinguished unless they can be 
regarded as derived in the manner indicated m the last section, and 
therefore the nndiatinguufaableness of two aspects A, B, 0, 

and P, Q, B, indioatos the existence of a definite correspond- 

enoe between the two undistinguished oollections a, b, e, and 

p, j, r, in which oorrespondenoe to eeoh nnit pair, triad, Ao , 

of the one there Corresponds m the other a counterpart unit, pair, 
triad, Ac, undistinguished from the former in any oironmstanoe 

Similarly, the nndiatingaisbableness of two aspects of the same 
ooUflotion a b,e, may be said to mdicate a $elf eorretpondenn of 

the ooUection, t e, a oorrespondenoe in which to each unit, pair, triad, 
Ac, of the collection a, b, «, there oonesponds the same, or 

another unit, pair, triad, Ao, of a, b, e, undutingnished from 

the former in any ciroumstance 

76 In future, when a aorrotpondenoe of two oollootions, or a te^f- 
eorreipondenee of a oolleotion, are spoken of, oorrespondenees snho as 
thoee described m the preceding sections are intended to be referred 
to, naleas the oontnuy is expressly stated, as m Sections 162 to 169 
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77. We may regard an aspect A, B, C,.... in the aggregate as 
a single nnit V, irhioh may be termed a myfled o^eet of a, 6, o, ... . 
Section 1C7 is erroneous, and should be omitted. 

I may add the following errata:— 

In See. C9, line 3, for “ nndistingnished ” read “ distingnished.” 
„ „ 122, „ 1, „ ‘‘aspects*’ „ “collections.” 

„ page 43, footnote, ,, “Grassman” „ “ Graaamaun.” 

„ „ 66 „ „ “Pierce” „ “Peirce.” 

„ Sec. 386, line 8, „ “ m units ” „ “ r units.” 


III. “ On Ellipsoidal Current Sbeets.” By Horaob Lamo, M.A., 
F.II.S., Professor of Pure Muthematics in the Owens 
College, Victoria University, Manchester. Received March 2, 
1887. 

(Abstract.) 

This paper treats of the induction of electric currents in an 
ellipsoidal sheet of oondaoting matter whose conductivity per unit 
area varies as the perpendicular from the centre on the tangent 
plane, or (say) in a thm shell of uniform material bounded by similar 
and coaxi^ ellipsoids. The method followed is to determine in the first 
instance the normal types of free currents. In any normal type the 
Gurronts decay according to the law ; the time-oonstant r may bo 
conveniently called the “ modulos of decay,” or the “ persistency ” of 
the typo. 

When the normal typos and their persistencies hove been found, it 
is an easy matter to find the currents induced by given varying 
electromotive forces, assuming these to bo resolved by Pouner’s 
theorem, as regards the time, into a series of simple harmonic terms. 
Supposing then that we have an oxterpal magnetie system whose 
potential varies as we can determine a fictitious distribution of 
current over the shell, which shall produce the same field in the 
interior. If 0 denote the ourrent-function for *that part of this 
distribution which is of any speoifiod normal type, 0 that of the 
induced currents of this type, it is shown that 



where t is the corresponding persistency of free currents. When pr 
is very greet this becomes 

0 = 

in aooordanoe with a well-known principle. 

This method can be applied to find the currents induced by rota. 
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tion of the shell in a constant field it being known from Maxwell e 
' Eleotnoity § 600, that the induced cm rents are the same if wt. 
suppose the conductor to be fixed and the field to rotate m the 
opposite direction When the conductor is symmetrical about the 
axis of rotation the current function of any normal type contains as 
a factor cos iw or sin sa where ta m the arimiith and t is integral (or 
sero) When we apply Maxwells artifice the omspending time 
factor IS e v* wheie p is the angular velooiiy of the rotation, and 
wo easily find that the system of ndneed cunents of any normal 
typo IS hxbd in space, bat is displaced rela ively to the field though 
an angle 

^ arc tanjMT 

in azimuth in the diroctioik of the rotation 

In the most important normal types the distribution of rnrrent 
over the ellipsoid is one which hu been indicated by Maxwell 
( Electricity § 675) as giving a uniform magnetic field thronghont 

the inteiiri For instance the axes of coordinates being along the 

principal axes a 6 e wc may have 

0 = Cs, (1) 

and the corres} ondiiig persistency is 

.b». » = (3) 

P denoting the spemfio resistance of the material and e the small 
constant ratio oi the thickness of the shell to tho perpendicular on 
the tangent plane Tbeie is a difference of electric potential over the 
shell, VIZ we have 

(4) 

T -9 -Ul* 

where 

L, M being obtained fi om (3) by interchanging a and e or h and c, 
respectively This implies a certain distribution of eleotnoity over 
the outer surface of the shell 

Some special forms of the ellipsoid (e y, a sphere, or an ellipho 
cylinder) are considered and tho formula (2) shown to agree with 
the resnits obtainable in these cases in other ways 

ihe problem of indnoed onrrents due to simple harmonic variation 
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ot a amfijrm field, or to rotation of tbe ihell in a onifonn and oonatant 
field, ifl then Bolved; and tho reenlta are found to agree irith the 
general theory above skeiohed. 

In tho higher normal typea the oorrent-function 0 is a Lam6’a 
function, degenerating into a spherical harmonic when two of the 
axes of the ellipaoidal ahell are equal. This case alone is further 
discussed in the present paper; tho porsistency of each normal type is 
found, and various particular oases are oonaidored. Of the special 
forms which the conductor may assume, the most interesting is that 
in which the third axis (that of symmetry) is infinitesimal, so that 
we have practically a circular disk, whose resistance />' per unit area 
varies according to tho law 

( 5 .) 

where is the resistance at the centre, a is the radius, and r 
denotes the dutanoe of any point from the centre. In any normal 
type of free currents the cnrront>function is of tbe form 

* = .... ( 6 .) 

where ^ =s ^{1—r*/o*}, 

provided n—s be odd; in other words, the current lines are the ortho¬ 
gonal projections on the plane of the disk of the contour-lines of a 
Bonal (« s 0) or tessaral harmonic, drawn on tho surface of a con¬ 
centric sphere of radius a. The corresponding persistency is 


_ !»-• / 1 . .3 . . ■ (n-f 0 

' ~ {n(n+!)-»»}«,' * |n+» * 12,4... 


}*• (7.) 


In the most persistent type of free currents we bare n ss 1, t a 0, 
and therefore 

v*a 

This result is of some interest, os showing that the eleotrioal time- 
oenstant for a disk of wni/om resistance />))' must at all events be 
considerably leas than 4 93 

* I lad by methods eiiailsr to those enidoyed hy lord Beyleigh for the ^ipruxi- 
mate deteniunation of vuiou* sooustio^ oonitanU, that the true value lie* between 
««>' and 2'26 ajp*. For s duk of oopper (p^lOOO O.G-h.), whoee rsdiue b a 
de^etN sad thioknam a miUimeti^ tbe lower limit giree 00014 lee. For duke ot 
other dimeasiou tbe remit will vary as tiie rsdiue and the UuokneM eonjointly. I 
hope iboitly to pubheh the detsib ot the invectigation on whioh thoee estuustes are 
founded. 
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The problem of indooed camBtH ta then duenaaed, and I oonuder 
more particnlsrly the oaae of a ciroalar dulc, of the kind mdioated, rota¬ 
ting in any constant magnetic field In view of the phymoal interest 
attaohiiig to the question, it vonld be interesting to hare a solution 
for the cabc of a untfom disk, bnt in tne absence of this, the 
solution foi the moie special kind of disk hero considered may not be 
uninstructive 

As in all our calculations relating to ellipsoids of roFolntion, we 
employ elliptic coordinates, vis, seeking the origin at the centre of 
the disk, and the axis of s perpendicular to its plane, we write 

(B = 0 ^/( 1 —/‘•)y(£*+1) cos « 
y = ay(l-M*)y({:«+l)sin« I (8) 

* = J 

where /i may range fiom 1 to 0, and ^ from sero (its value at the disk) 
to oo The magnetic potential Q due to the field may be supposed 
expanded, for the space near the disk, m a series of teims of the 
form 

0=1 (1-^*)“ (9 ) 

where P. is the soual harmonic, and p» a similar function in which 
all the terms aie +, instead of alternately + and — * 

The terms for which « 3= 0 are symmetnoal about the axis, and 
produce no currents, bnt only a certain superficial eleotiihcation 
The density of this is calculate for tho particulai case n = 1, t e, 
for the case of a disk rotating m a uw/orm held about an axis parallel 
to the lines of force 

The only terms of the expansion (9) which produce sensible currents 
in a rotating disk ore those tessaral solid haimouirs for which n—« 
IS odd The induced current-function is fonnd to be (taking, say, 
oosw in (9)) 

♦ = - Vj—^ ■» (—»). 

(10) 

where ^ = arc tan spr, 

f hating the value (7) 

The most important type of mdnoed onrrenta is when n = 8 
f = 1, in which case 

O ociw. 


* SMF«rrm,*SphwicaiHsRnonies, ohsp n 
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no that the linen of foroe at the duk are normal to it, bat the direetion 
of the foroe le reversed as we otom the axis of y The oorront fanotum 
relatively to axes displaced throngh the proper angle i) in the direo 
tion of rotation, vanes as 

A drawing of the ennent lines for this case is given As already 
mentioned they are simply the orthc^inal projections of the ooutonr 
lines of the tessaral harmonic of the eecond order 
In the next type we have n = 3 s = 2, so that 

Q«s(4i*-y*). 

and the onrrent fanotion, relatively to dupladed axes as before 
vanes as 

«yy{l_,*/a9] 


IV On the Magnetisation of Iron in Strong Fields " By Pro¬ 
fessor J A Ewing BSo, FRSE University College, 
Dundee, and Mi WiUilAM Low Commuiuc'ittd by Sir 
W iHOMSOV, Knt, LLD, FBS Received March 2, 
1887. 

(Puns) 

The behaviour of iron and steel when snbjected to very strong 
magnetising foiocs is a matter of considerablu practical and very 
great theoretical interest especially fiom its beitnng on the moleoalar 
theoiy of magnetisation, wlneh assigns an upper limit to thi intensity 
of magnetism that a piece of iron can acinire nnl evtn snggosts that 
the metal may become diamagnetic nndir the influinoc of a snfii- 
ciently groat force All experiments hitherto made by magnetising 
iron m the field of an electric solenoid, have shown that the nrtenaity 
of magnetism ), as well as the indnction u inurenemg with the 
highest values aotaally given to the magnetising foroe Jf It is 
scarcely practicable, however, to produce by the direct action of a 
magnetising solenoid, a field whoso force exceeds a few hundreds of 
COS unite 

To refer to a few recent experiments of this claw —In oxpeninents 
by one of ns* on the magnetisation of long wires the highest valno 
of H applied to iron was about 90, and this gave an induction H of 
16,600 in a soft iron wire In Dr Hopkinson s expenmentsf a foroe 

* Ewing ' Exp Em in Magnetism ’ ‘ Phil Trans * 1886 Fart II 
t J Hopktnion, ' Msgtietisation of Iron,” Phil limns, 1885, Put II 
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of 240 gave 19,840 for the mdnotion in a bar of mild Whitworth 
■teel, and 18 250 in a har of wrought iron* The oorrceponding 
▼alnes of | are 15b 3 and 1487 respeotively Probably the highest 
magnetisation reached in any experiments of this class already pub¬ 
lished iB that found by Mr Shelfoid Bidwellf in bis experiments on 
the tractive force between the halves of a divided nng electro magnet 
Foi a force ^ of 585 he gives 19 820 as the value of |p (calculated 
from the tractive force) m a wrought iron nng Ihe corresponding 
value of 1 18 1530 

With cast iron Dr Hopkinson found (in a sanq Ii of grey iron) 
10,783 for the induction produced by a forco of ^U) Ihe corre 
sponding value of is 841 

In the space between the pole pieces of a strong electro magnet we 
have a field of force of much greater intensity than it is practicable 
to produce by the direct sotiou of the electiic current Ihis field is 
not well adapted for ezponments whose object is to dctiimme witli 
precision the relation of magnetisation to magnitising force on 
aooonnt of the distortion which it undergoes when the piece of iron 
to bo magnetised is uitroducod into it It is howcvci well suited 
for experiments whose object is to determine how much magnetism 
the metal can be foioed to take up 

For this purpose it is of course necessary that the cross section of 
the test-piece should be much smaller than the area of the pole piece 
faces ^ the following expenments the electro magnet consisted of a 
pair of vertical limbs 2 > cm long, with coree 5 cm in diameter, joined 
at the bottom by a honsoutal yoke, and furnished on the top witli 
pole pieces made of soft hammered scrap iron, m the form of rect¬ 
angular blocks with plane faces whoso distance from cich othei 
could bo adjusted at will The feces were 5 25 cm square The 
magnet was wound with wire large enough to permit a ourrout of about 
87 amperes to be used fur a short time In the earlirst expenmenta 
the test piece to be magnetised was a round cylmdor of soft iron, with 
flat ends 0 34 cm in diameter and 13 om long This was covered 
with an induction coil, conaiating of a single layer of fine wire which 
extended ovei the whole length of the piece It was placed length- 
wiae in the centre of the field, with the pole pieces just touching its 
ends, and the field magnet was excited Ihe test piece was then 
suddenly withdrawn, while the transient current produced in the 
induction coil was measured by a ballistio galvanometer c mnected to 
the induction ooil by long leading wires, whiob were twisted together 

* 3 and 1! Hoplnnion bsTO obtorved an mduotion of iO 000 in the core ot a 
dynsnio annature under a fone ettimated at 740 ( Fbil Irani1886 (Part I) 
P »56) 

f S Bidwell ' On the Lifting Power of Fleotro magnets and tt e Msgnitisation 
pf Iron,’ Boy 6m Proo, vol 40,1686. p 460 
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throngliont their whole length Yny few exper un ente were made 
with test pieces of this form, for it was fbnnd that thej gare bj no 
means an exceptionally high ralne for the magnebo indaction This 
u to be oscnbed to the &ct that the ends of the i^linder, which were 
in contact with the pole pieces necessarily shared that value of the 
induction which existed in tlie part of the pole piece faces which they 
touched an 1 this comparatively low induotiun in and near the ends of 
the cylinder neutralised the much higher value in the nuddle portion 
The induction coil being wound from end to end of tho bar gave a 
mean value for the whole leng^ To obtain higher values, it was 
obviously nocessary to restrict the measurement of the induction to 
the middle pirtion where the induction was greatest and further 
it was desirable to furnish the bar with conical or some form ot 
spreading ends which would present an oasy path for the lines 
frf induction to conveige towards the central neck Accordingly 
teat piecoi weie tamed of the fcH'm and dimensions of Sample A 
shown in Plate 2 flg 1, where the bobbin is sketehed m place between 
the polo pieces These were wound along the whole length of the 
narrow central neck with an induction coil consisting of a single 
layer of Ifo 8b S W G silk covered wire In Sample A the 
diameter of the iron neck was 0 923 mm and the diameter measured 
to the middle of the Uiioknesa of the wire forming the indnotion ooil 
was 0 9425 Hence there was but little space, outside the section of 
the iron enclosed by the coil and the small amount of magnetic 
induction in this non ferrous space was allowed for by a method to be 
explained below 

In test pieces of the form of Sample A the loss of magnetism 
observed on suddenly withdrawing the piece from its place between 
the pole pieces of the field magnet, is lees than the whole magnetism 
by ^e small but somewhat nnoertain quantity of reeidual magnetism 
which the piece retains To avoid this sonroe of uncertainty another 
form of test pieoe was used, which is shown in fig 2, Sample B 
Here the bobbin has its oumoal ends nmnded at the base to form 
portions of a circular cylinder, and the pole pieces are hollowed to 
oorrespond The bobbin can now be tnrn^ completely ronnd about 
a central axis at right anglee to the paper, so that the direotion of ite 
magnetism is reversed, and half ballistio effect of the revemd 
measures the msgnetio induction This method wu used in the 
greater number of the observations Again, by merely withdrawing 
the bobbin from the field, and comparing the effect of this withdrawal 
with half the effect of reversal, an estimate was arrived at of tlie 
amount of error to which the former experiments were subject on 
account of residual magnetism 

To determine the intensity of the magnetm field m the space 
immediately surrounding the narrow neck in which the greatest 
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indnohon oconmd, a imall quantity of wire was wonnd orer the first 
isdnotion coil, to form a distanoe piece and on the top of that a 
uoond induction ooil waa wound the second coil like tto first, con 
Buting of a smgle layer of veiy fine wne The space between the 
two ooils was aocurately determined When the test piece was 
reversed or drawn out of the field the operation was m each case 
performed several tunes, and two gronps of observations wore 
recorded one giving the induction in the inner toil and the other the 
induction in the outer coil the difference of course served to 
determine the field in the space between the coils When this field 
was known it was easy to correct for the mdoctiun in the non ferrons 
space enclosed by the inner coil 

Three kinds of wrought iron were tested, soft hammered scrap 
Swedish non, and Lowmoor iron The hammered scrap provtd Itas 
ansoeptiblo than the other two, and was not nsed in thu final expen 
ments which were made with test-pieces of the form of Sample B 
Pieces of cast iron wore also tested informs resombluig both A and B 

To detumine in absolute measnro the value of the ballistic effects, 
a large earth coil was kept m cironit with tho induction coil and 
galvanometer, and was turned over in oithei the vertical or Uonsontal 
earth field at the beginning and again at the end of each group of 
observations To avoid tho possi^ty of error m this important 
particular, two separate earth ooils of entirely different dimensions 
were employed, and the galvanometer constant was determmod inde¬ 
pendently by means of both with results which were m excellent 
agreement Ihe valoes of tho induction stated below are worked out 
on the basis that the horuontal force in the grounds of Umversity 
Coll^ Dundee, at a place sufficiently lemoved from local magnetic 
influence, is 0 m C G S nUits 

The following ezpenmente are repreeentaiive of a oonaiderabl; 
larger number — 

Lowmoor iron, annealed before turning the bobbin from a foiged 
bar Sample B of shape and dimonsions shown m fig 2 Diameter 
of iron neok « 0 65 om , length 3 = 0 44 cm Diameter to middle of 
inner induction ooil, 0 67b6 om Dtametor to middle of outer mduotion 
ooil, 0 9664 om 

Area of section of iron (S,) = 0 3318 sq cm 

Area of space to be oorieo^ for under inner mduotion ooil (Sg) « 
(H)276 sq om 

Area of space between inner and outer ooil (Sg) = 0 3293 sq cm 

Knmber of turns on inner mduotion coil =a 16, number on outer 
ooil ra 12 

In the following table D^ is the throw of the halhstio galvanometer 
given by the inner ooil when the teet-pieoe wai turned round, and D, 
IS the throw given by the outer ooil Xg and Xg are the oorre- 
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■ponding lotdl induotions in G G S amts The dilFerenoa of these, 
given in tlie fifth oolnmn, vrhon divided bjr Sg, i« the intensity of field 
or magnetiO forte per sq om in the apeoe immediately rarronndmg 
the iron This la given in oolnmn VI Multiplying it by Sg we have 
the correction to bo anbtraoted fiom X^, which !■ given in column VII 
Iinally, by dividing the ooireoted value of by the section of the 
iron S^, we find JIJ the magnetic induction in the iron per sq cm 
Column IX gives tho current in the field magnet coils m ampiies 


Lowmonr Wrought Iron Sample B 



In another test of Lowmooi iron oondnoted in tho same way, a still 
higher value of § was reached namely, d2 880 This is the highest 
indnction that has been recorded in those experiments 

A similar experiment with a piece of Swedish wrought iron, of the 
form and dimensions shown in fig 2, gave 32,310 for the greatest value 
of 19 the magnetio force lu the nng of spaco surrounding the iron 
neck being then 11,250 

The amount of residual magnetism retained by a Lowraoor sample 
of this form (Sample B) was determined by comparing the effect of 
withdravnng the test piece with the effect of reversing it The resnlta 
showed that within the range of magnetic force used in these experi¬ 
ments, namely, from about 4000 to 11 000 0 G 8 units, the residnal 
magnetism is nearly constant Its mean valne in a number of 
determinations was— 

For Lowmoor iron, residual indnotion, =: 510 per sq om 
For Swedish iron, residual mduotion, = 500 per sq cm 
These results showed that pieces of the form of Sample B (fig 2) 
retained only a small part (loss than 1/60) of their greatest induction 
when withdrawn from the field The proportion of residual to 
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grenteut mdnoed nutgneiitm u samples of the form A (fig 1), is 
probably not very different from this 

In the following experiment a bobbin of annealed Swedish iron, of 
the sire and shape shown in fig 2 was tested by withdrawing it from 
the field Ihe columns of the table have the same meaning as before 
except that the quantity in column Ylll now beaded ^ is not 
the whole mduction per sq cm but that part of tlie induction which 
disappeared when the test piece was withdrawn from the field In 
this case the section of the iron was the same as before but the space 
between the inner and outer induction coils (bg) was 0 308 sq cm 
There were fourteen tuins in the inner roil and twelve in the outer 

Swedish Wrought Iron Samj le B 



Ihe residual magnetism may be corrected for by ad ling 500 as 
the value of to each of the numbers in column YlII We then 
obtain for the highest induction the value 33 IbO 

The following results relato to tost pieces of the form and sise 
shown in fig 1 — 

Swedish wronght iron iorm of Sample A Sect on of iron neck 
~ 0 669 sq cm Section to m ddle of induction coil = 0 708 sq cm 
Ixws of induction per sq cm tested on withdrawing the bobbin 
(S-»r) 


Onrient in fld 1 magnets 
smpirM 


893 

27 650 

748 

29 420 

113 

80 340 

140 

SO 460 

17 9 

80 960 

201 

31 180 

204 

81290 
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Those flgnres agree yery well with those m the pToeeding table, 
which related to another sample of different form ont from tiie same 
bar Probably 500 is in this ease also a fair estimate of the residual 
induction, and by adding th^ to the values given above we amve at 
probable values of 9 

Lowmoor wrought iron Form of Sample A Dimensions as above 
Cnrrent in field magnets = 20 4 amperes Loss of indnction on 
withdrawing the bobbin —^ ) = 31 660 Allowing for the residual 
magnetism, this gives an mdnotion excoedmg 32,000 

Soft Hammered Sorap Form of Sample A Dimensions as above 
Current in field magnets 9 — 9r 

20 4 81 230 

. 26 2 31,'S20 

The remaining cxpenments relate to cast iron Tho following 
results are for a sample of the form shown in fig 2 except that the 
neck was of considerably larger diameter namely 0062 cm The 
sample was tested by turning it end for end in the magnetic field 
Section of neck = 0 727 sq cm 

Section within middle of inner induction ooil = 0 767 sq cm 
Spaoe to be corrected for a* 0 040 sq cm 
Section within middle of outer induction coil s 1195 sq om 
Space between coils s 0 328 sq om 


Cast Iron 



Another set of readings were taken with this sample at the same 
time, by drawing it suddenly out of the field in order to determine 
the residual induction The results showed that thronghont the 
range of magneiio forces employed here the residual mdnoiwn had a 
nearly constant value of 400 0 O S units per sq om 
A bobbm of cast iron of a form resembling Sample A, fig 1 was 
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alto tested bj drawing it out of the field The retdts were in oloae 
agreement with thote given above for the other sample 
In fig 3 the general reRulls for Lowmoor wrought iron (Sample B) 
and oast iron are shown by carves which give the relation (1) of the 
indnotion ^ within the metal neck to the current in the field magnet 
coils, and (S) of the indnction or magnetic force in the space im 
mediately snrronnding the nei^ to the current m the field magnet 
ooils The full lines are for the Lowmoor fotgmg and the broken 
lines are for cast iron The field prodaced by a given current is (at 
its higher values) rather less strong in the case of cast non, probably 
becanse the larger sise of the cast iron neck allowed a greuter portion 
of the whole indaction from pole to pole to find its way through the 
metal (Compare for cast iron and for Lowmoor ) 

The magnetic force within the metal (9) differs fiom the field in 
the snrronnding space by an amount which cannot bo estimated 
without a knowledge of the distnbntion of free magnetism on the 
pole-piecos and conical faces of the bobbin It appeals piobable that 
with the dimensions of the vanons parts nsed in these experiments, 
the magnetic force within the metal is less, but not very greatly less, 
than the outside and closely neighbouring field In the absence of 
any exact knowledge of ^ it is interesting to examine the rtlation of 
9 to the outside field Thus, (g—outside field)/4T gives a quantity 
which IS probably not much loss than the intensity of magnt tism | 
The values of this quantity for Lowmoor wrought iron Swedish 
wrought iron, and cast iron are stated below In the case of the 
Swedish iron the values of g>ven in the previous table for that 

metal have had ftOO added to allow for the residual magnetism 
Agam, the quantity H/outside field is probably not much less than 
the magnetic permeability ^ its values also are given below 


I Lowmoor Wrought Iron 


8-outsi de field 


8 680 
6680 
7800 
8 810 
9600 
9 780 
10 860 
10 840 
11180 


24 700 

27 610 

28 870 
29S60 
80 200 
80 680 
80 880 
81 870 
81 600 


3680 

1670 

1680 

1080 

1660 

1660 

1680 

1680 

1620 


6 80 
4 18 
8 70 
8 88 
8 18 
8 14 
2 98 
2 89 
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ni Caat Iron 


Oute de field 

9 

Q-o te lefl 11 
4w 

onteid^ field 

3<)00 

6400 

7 710 

8080 

9 310 

9 700 

10 610 

WffiO 

il980 

iJ8W 

20 6JO 

S4 6H0 

24 900 
iulOO 

lioO 

1310 

1230 

1380 

1210 

1190 

6 04 

8 43 

2 96 

2 91 

2 67 

2 67 

8 46 


Fig 4 shows by can os the relst ou of ^ to utsi le 6eld for Low 
uioor iron and for cast iron in the manner mtrodaced by Rowland 
for showing the relation of |p to /t The carves have the same lewd 
of inflection that a curve of /t an 1 ^ begins to have when the mag 
netismg force is raised sufficiently high * The range through which 
the permeability of iron may vaiy is well shown by oompnr ng the 
values reached hoie (piobably in the extreme case less than 3) with 
the value 20000 which was found by one of us in the case of a 
soft wire exposed to a very small magnetising force and kept at the 
same tune in, a state of mechanical vibration f 
The quantity (||—outside field)/4s- is nearly constant m the Swedish 
iron but diminishes with increased induction in the Lowmoor iron 
and in the cast iron If the outside field were an accurate measure of 

* Thu feat ire of the curve of fi and 1 was not notioed by Rowland himeelf who 
applied to bu curve an empincal formula which feile to take ar cunt of it It hee 
however been notired by eeveial later obeerrm (Fromme Wiedemann ^"fr'*** 
vid 13 p 09S Ewing loo mi f S74 Bidwell loa eU f 480) 
t Kwing loo ett p M7 
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y, thu wonld mean that in the two metala laat named | had paued a 
TntLxiTnniti, and the prooeae of diamagnetmtion which the Ampdre- 
Weber molecular theoiy of magnetiam antioipatea had set in Bnt the 
nnoertamty which attaches to the valne of ^ pneTonts this oonolnsion 
from being fairly drawn from these experiments A sbght excess in 
the mean value of J within the metal neck over the value of in the 
space contiguous to the neck wonld suffice to convert the apparent 
decrease of | into an morease, with inCTeasiug values of § So far as 
these results can be said to bear upon the point in question, they 
rather support the idea that the intensity of magnetism | becomes 
and lemains a sensibly constant quantity when the magnetising force 
IS raised to very high values Thu maximum of | appears to exceed 
1700 in wrought iron and 1250 in cast iron, and it docs not appear 
likely that any increase of magnetising force will bring the intensity 
of magnetism m cast iron to a value equal or nearly equal to that 
which wrought uon is capable of acquiring It is scaicely necessary 
to add that our expenmenta give no support to the suggestion that 
there is a maximum of the induction H The value of ^ capable of 
being reached by the method we have employed depends mainly on 
the scale of the expoiiments Lai^er field magnets with pok pieces 
lapenng to a narrow nock should yield values of g greatly in excess 
even of those we have observed 

The experiments will be continued and vanons qualities of steel will 
bo examined with the following modification in the apparatus —The 
pole pieces will themselves bo turned, at the ends which face each 
other, mto coats with flat ends, between which the test piece in the 
form of a round cylinder will be inserted Iho induction will be 
measured in the neighbourhood of a medial transverse plane only, and 
the value of the held outside the iron will be determined lu thu plane 
at various distances from the axis Since there is no fiee magnetism 
in the iron bar in thu medial plane, the magnetic force within the 
metal in continuous with the force m the sm rounding space, and a 
curve showing the relation of the magnetic force at vanons points 
outside to the dutanoe from the axis should admit of being produced 
BO as to give a good approximation to the magnetic force within the 
metal If thu can be successfully accomplished, the value of the 
uthmua method of examining the magnetuation of iron will be greatly 
enhanced 

[Dr Hopkmson informs me that he experimented by what we have 
oalled the “uthmus” method nearly three years ago, but gave it up 
from unoertamty about the induction which took place through tho 
ooil bnt not through the iron In tho present expenmeuts thu di£B. 
onlty has been avoided mainly nsing larger bobbins with a single 
layer of fine wire for induction cod I am indebted to Dr Hopkm- 
son for the suggestion (soon to be put m practioe) that the “ isthmus ’ 

TOL XLII • q 
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method riionld be applied to the manganeae steel whose nou mag 
netio quality nndei ordinary conditions has been alioaJy commented 
on by himself as well as by Mi J T Bottomloy and Professor 
Barrett In connexion With the valnes of $ reached by other 
obserrers, Pioftssor J T Thomson informs me that in some recent 
experiments by bimsolf and Mi H F Newell on the effect of 
cntting a magnet at light angles to the lines of force, an induction 
of 28 000 was found on one occasion —J A E ] 
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March 31,1887 

ProfeflBor STOKES, D C L, President, in the Chair 

The Presente received were laid on the table, and thanks ordered 
for them 

The followmff Papers were read — 

I. “Note on the Development of Voltaic Electncity by Atino- 
sphenc Oxidation ’ By C R Alder Wright, D Sc , 
P R S Lecturer on Chemistry and Physics, and C 
Thompson, PCS, Demonstratoi of Chemistry m St Mary’s 
Hospital Medical School Received M vrch lO, 1887 

It u well known that when metalhc oopper is brought into contact 
simnltanoonsly with atmospheiio an and aqueous solution of ammonia, 
rapid oxidation is set up, the copper oxide formed dissolving in the 
liquid, producing a blue solution of ammoniaosl cnpno oxide, or 
onprammoninm hydroxide Whilst investigating pioocsses for the 
manufactore of this fluid (now used commercially on a considerable 
scale) wo noticed that if the air supply be greatly in deficiency 
relatively to the bulk of the copper under cutain conditions the 
solution 18 but little coloured, contaming copper dissolved principally 
as onprons, and not as enpne oxide This might perhaps, be antioi* 
pated d pnort inasmuch as it is well known that blue cnpnc solution 
m ammonia, when digested with metallic copper in the absence of air, 
takes np a sooond equivalent of copper, becoming colonrless enprons 
solution, but farther experiments seem to mdicate that the prodnction 
of cuprous oxide under the oxidising influence of a limited supply of 
air 18 the pnmaiy action, and not merely a secondaiy result, in short, 
that the first step in the change is expressed by the reaction— 

4Cu+Oj = 2Gii)0, 

onprons oxide being formed, which then (under favonrable conditions) 
beromes further oxidised to cnpno oxide, thus— 

2Cug0“h02 ^ 4CnO, 
and not by the reaction— 

2Ca+0« = 2CaO, 
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the oapno oxide thua formed as the first product becoming snbse* 
qnentlj reduced (lu the absenoe of air) to ouprous o ide, thns-^ 

CuO+Cu 5 = CujO 

When a sheet of copper is kept out of direct contact with air by 
being immersed in ammonia solution, oxidation of the metal is 
gradnall 7 effected by virtue of the dissolnng of oxygon from the air 
at the surface of the fluid, and diffusion of the oxygen solution to the 
vioiiuty of the copper This action is an extiemely slow one if the 
copper be covered I 7 some depth of fluid and if the setting up of oon> 
veotion currents through heating or evaporation be prevented by 
keeping the vessel perfectly at rest and at an equable temperature, and 
well closed to prevent escape of ammonia, but if these precautions be 
neglected it goes on much more rapidly, and the liquid oompara* 
bvely soon becomes blue, it can, however, be also materially aooe 
lerated by arranging honsontally on the surface of the fluid a plate of 
pli^mnm 01 other electrically conducting material not chemically acted 
upon by the fluid, and connecting this by means of a wire, ita , with the 
copper plate The upper conductor, or aeratvm pUtteaa it may be con* 
vemently termed, being simultaneously in contact with the atmosphere 
and fluid, attracts to its surface a film or aura of condensed gases, the 
oxygen of which becomes gradually transferred to the copper, a voltaic 
ouirent circulating through the fluid and connecting wire Cuprous, 
and not onpno, oxide thus results, dissolved m the ammonia 
solution m contact with the copper plate the meohanism of the 
reaction being convomently represented by the scheme— 

f Copper plate Cuj | OH( | OU, | 0 Aeration plate, 

\Copper plate | CujO | H,0 | H,0 | Aeiation plate, 

water being represented as the eleotiolyte for simplicity a sake The 
air film on the aeration plate being constantly renewed by absorption 
from the atmosphere, the process goes on continuously as long as the 
two plates are connected together by the wue This wire may be 
lengthened at will so as to make the current which passes through it 
whilst the action goes on relatively stronger or weaker according to 
the amount of resistance introduced into the oiromt, and by includ¬ 
ing a galvanometer or silver voltameter m the circuit the ordinary 
phenomena due to the passage of currents are readily recognisable 
A voltaic cell thus produced “ runs down verj rapidly when the 
resistanoe in oiromt is diminished, more or less recovering when the 
resistauoe is again increased, with a large resutance (e g , sufficient to 
reduce the onrrent density to a micro ampere or less per square 
oentimetie of aeration plate sur&ce), a very notable E M F is main- 
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tamed, amounting nnder favonrable oonditions to 0 9 or 0 6 volt 
The maxuniun E M F thna capable of development vanes considerably 
with the strength of the ammoniacal solution, being the loss the 
weaker the fluid, addition of common salt or of sal ammoniac to the 
liquid notably moreases the E M F and diminishes the internal icsist- 
ance of the cell Spongy platmnm in a thin layer as the aeration 
plate gives higher values than thin platinum foil, the highest num 
bets thus obtained, using pretty concentrated ammoniacal bnne, fell 
but httle short of 0 8 volt, or somewhat less than the E M F corre¬ 
sponding with the heat of formation of cuprous onde,* since, accord 
mg Julius Tliomaen, Ciij|,0 = = about 0 88 volt 

It IS obvious that this ooppei atmospheric oxidation cell has a close 
connexion with the “ air battery ’* described in 1873 by Gladstone 
and Tube (‘Roy Soc Proc,’vol 21, p 247) in which what is virtually 
an “ aeration plate, ’ consisting of a tray full of crystals of silver la 
used, opposed to a coppei plate immersed in a solution of copper 
nitrate Cnprons oxide is formed m both oases, in virtue of the 
indirect combination brought about between the oxygon of the air 
and the copper but there is this gp«at difference between the two 
(apart from the cuprous oxide being deposited as such in Gladstone 
and Tribe’s arrangement, and being kept in solution m ours), that in 
the one the cnpioua oxide is formed at the eur/aee of the copperplate 
itself, and in the other of the tarfaee o/ the ocrobon plate This 
essential difference is embodied in the above depicted scheme as 
oompaied with the following one which represents the action m 
Gla^toiie and Tribe’s cell — 

l^Siher I 0 I (So‘)^u I (NOoJCn | 

One result of this diffcience is that the surface of the aeration plate 
in the ammonia cell is kept constantly the same, whereas m the 
nitrate ocll it is oontinnally changing its character through di position 
of solid oupions oxide on the silver m consequence of this deposition, 
whilst the E M F. of the ammonia cell, eceterxe parxbut, is constant, 
that of the nitrate cell is continually varying Gladstone and Tnbe, 
moreover, only obtained on E M F of H Daniell, or about 
0 104 to 0 143 volt, even nnder the most favourable conditions, via , 
when the cell was oonnocted with an electrometer, whilst four or five 
times thu amount is indicated by the cells examined by os 

* The actual ohemioal change going on in the cell ii the ijntheau of cuproeo 
ammomum hydroxide, eo that the (onknown) heat of solution of ouproos oxide in 
ammonia should be added to this to obtain the total heat development 
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In Older to examine aiparately the fluida colleLtinj; tonud the two 
plates after action had gone on f >r some time we (inplojed eolls of 
(J shape , and to obtain as largi an aeration sniface as pohsiblt, we 
adaptol to one bg of the U a funnel (as ind cited in tho fignre) 
with the stem cut off and united to tbe ^ tnbe by a piece of mdia- 
I ubber tubing a, slipped tightly over tho innetiou Thu other end of 
the y tube was closed with cm india inbber coik b thiongh which 
passed a piece of gloss tubing with a platinum Wire, e, sealed into it 
at tho lower tnd and filled with meiouiy, thus fonniug a mercury 
eup, and seiving to malce contact with the coppoi plate, d, which was 
soldered to tht end of the platinum wire, the soldeimg and platinum 
being coated with gntta peroha, so that only the copper plate was in 
contact with the fluid with which the y tube was subsequontly filled 
A similar glass tube and platinum wire mercury cup, /, served to 
make contact with the aeration plate, which was conveniently sup- 
polled horizontally at the surface of the fluid in the funnel by means 
of a disk of porous earthenware, e by fixing a iim of gntta peroha 
round this disk so as to convert it into a sort of bay h ce the lid of a 
pill box, and filling this tray with platinum sponge, an aeration plate 
of spongy metal was readily obtamed By interposing suitable re- 
i, galvanometer, silver voltameter, do, in the external mromt 
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obtained on oonneoting the two meronty caps bj a wire, the onrrent 
paising oonld be modified at will, and ahown to exhibit all the 
ordinary phenomena of moderaMy weak ouxenta 
After continued action with amall reaiatanoe only in oironit, the 
liquid in the fnnnel waa found on analyaia to oontain no copper what 
ever, whilst that anrronnding the copper plate, though colourless 
beforo removal from the tube, speedily became blue on exposure to 
air and contained more or leas oonaideraUe amoonta of copper in 
solution, obviously originally m the condition of ouprovf oxide, Cn,0 
Following up the ideas su^^^ested by the above observations, we are 
making a nnmber of experiments with a variety of analogous com 
binations, in which atm^heno oxidation oonatitntes the essential 
chemical action taking place, hj yvrpag the nature of the aeration 
plates, the metals dissolved, and the liquids employed (as also by 
substituting other gases, eg, ohlonne, for air), a large nnmber of 
combinations are obvionsly obtainable Some of those which we 
have so far examined present pomts of oonsiderable interest, the 
oxidising action exerted under &vonrable conditions being strongly 
marked, so much so that certain metsds, e g , merouiy and silver, not 
ordinarily prone to atmoaiheno oxidatlbn, can nnder suitable oondi 
tions be gradually oxidised and dissolved m appropriate liquids, just 
as the copper is dissolved in the ammonia in the cell above described, 
these actions, moreover, being accompanied ly the development of 
currents of stiength sufficient to cause measureable amounts of electro 
lytic decomposition outside the cell, s y, in a silver voltameter 


II **ClauBms’a Formula for tho Change of btate from Liquid to 
Gas applied to Messis Bamsay and Young s Observations 
on Alcohol” By Geo Fras Fitzoebald, MA, FT CD, 
FRS Eiasmns Smith’s Professor of Natural and Experi¬ 
mental Philosophy m the Umveisity of Dublm Received 
March 14,1887 

Clausius, in Wiedemann’s * Annalen,’ vol 14, 1881, pp 279—290, 
and ‘Pbil Mag,'vol 12,1881, p 881, and vol 13,1882, p 182, has 
given an empinoal formula for calonlating the relation between the 
volume, pressure, and temperature of a subetanoe in both kqnid and 
gaseous states The equation he gives is a contmnons one for an 
isotbemal, and he determines the pressure at which evaporation takes 
place by considering that the work done in the transformation fiom 
liquid to gaa at a oonatant pressure must be equal to what would be 
done if the transformation took place along the oontmnons isothermal 
He requires, for oouvemenoe in applying this to actual cases, to calcu- 
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kto tbefalaei of oertun rather oomphoated exponential fnnotions, and 
haa pablished tables of tbeir valnea wfaioh greatly faoibtate the work 
of companng lus formnla witb obeerrations of yaponr-preosures at 
different temperatnrea He baa compared hia formnla with deter 
mmations of vaponr-preaanre, Ao, by Andrews and Begnanlt of raibon 
dioxide, and by Begnanlt and Sajotachewaky of ether, and with 
Begnanlt’a experiments on water, and lias shown that they agree very 
well He has also, by help of hia formula, calcnlated the critical 
temperatnre foi water, and finds it to be about 332° C, and the 
cntical pressure to be 134 atmospheres 
Piofeasor Bamsay has kindly fiimishtd me with his and Mr 
Youngs observations on alcohol, and I have compared them with 
Olausius’s formula, with which they agree very well 
The formula Clausius has given may be described as follows — 

The relation connecting the volume, pressure, and temperature of 
a substance can be expres^ by the formula— 

JL = J_ 1 

BT «-,“e(t+/3)» 

In this B, a, and ft aie constants for each substance, f> is the 
pressure, v the specifio volume, T the absolute temperature and 0 is a 
function of the temperature which vanishes with 1, and for which 
Clausius has given the formula— 



in which h and » are constants for any one substance, and T« and Or 
the values of T and 0 at the critical temperature 
From a consideration of the isothermals represented by Clausius’s 
formula it is easy to show that the oiitical isothermal, for which two 
of the tangents parallel to the axis from which pressures are measured 
comoide, gives— 

O- 8 ■ 

®'-d7C-+/9) 

As the combination s + 0 occurs frequently, Clansms denotes it 
by 7 He expresses the specific volumes of the saturated liquid and 
gas by tf and «, and uses to and W for v — a and s — a respectively 
He also uses the symbol II = P/(BT) where P is the saturated 
▼aponr-pressnre, and subscribes o, thus n«, to express the value of any 
of these qnantilaes at the cntioal pomt Hence we g^t— 

* There u a nuspnnt of ^ for ^ on the hut line of the text, formnU 7, of 
p 186 of Olanuus's leoond paper m the * Fhil Msg vol 18 
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i n. = i W, = «. = 27. 

I haTo asanmcd u the rosnlt of obBervation that T; = 51^*5 and 
P, = 49,000 mm. This latter value is probably a little too laigo, but, 
as there seems some nncortainty as to its value from the experiments, 
from which it is very difficult to approximate accurately to the actual 
position of the critical point, I have thought this value sufficiently 
accurate. I have calculated the result of making changes in this 
value, and any variation within limits allowable by the experiments 
does not materially affect my resnlts. 

The values of those constants for alcohol as determined from the 
observations are— 


R = 

1351.35 

T, = 

510*5 

P, = 

49,000 

*+^ = '7 = 

1*780 

W, = «..=: 27 = 

3 m 

87 

0*07023 

II 

II 

0*1004 

b = 

09118 

n = 

1 3402 


I have found that constant values for > and ft do not satisfy tho 
observations accurately, and that • varies from 1 087 at 0* C. to 
0*184 at 240° C., as I explain further on. 1 calculated b and n so as 
to make tho saturated vapour-tensions correct at 0* C. and 100° C. 
The process of calculation 1 adopted was to calculate n/n, at 0° G. and 
100° C., and then from Olausms’s tables obtain the corresponding 
values of 0/9c. This gave two equations, to determine I and n by 
means of Oe/O = (1 -f i)(Tf/T)» — b. Tho equation for n being— 



This was solved by trial and error and then b calculated. Having 
determined b and n, the value of 9/9, for any temperature may be 
easily calculated, and thence the oorresponding values of 11/11^ W/W„ 
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•nd wfw, obtained I 7 interpolation from Glanams n tablea brom 
these P, W, and w are calcnlated and compared with observation 
It u from this oompanson of w with the volume of the liquid at 
vaiions temperatures and pressures that it is evident that » is not 
constant, foi the difference between to calculated and a as observed is 
by no means so 

The following table exhibits somo of my results — 



In some of these cases, os for example foi W at 0° C it is veiy 
difficult to mteipolato accurately into ClausiiiB s tables and similarly 
for the values of to neai the oiitical point aed I consequently do not 
attribute much accuracy to these values On the whole, however, I 
think that, considering the enormous lauge of values to I e 1 eprese nted 
by the formula it is most lemarkably oecniato When wo compare 
the calculated and observed volumes of the liquid, in which case a is 
of unpoitance we find that no constant value foi a can make them 
agree, for a obviously diminishes with iiicrtased temperstuie, and 
near the entioal point tho value of a for tho liquid and gaseous 
states IS not the same All this moans of course that Clausius’s 
formula does not apply accurately to the ease of alcohol Clausius 
has not, as far as I can hnd, applied his formula to calculate the 
volumes of liquids, and without doing so tho want of constancy in • 
would not appreciably affect the result Messrs Bamsay and Young 
have made observations of the volume of the liquid at various 
temperatures and pressures, and I have oompaied some of their 
results with the formula In this way it can be seen that » must bo 
made a function of the pressure as well as of tho temperature I have 
calculated tho values of v — a at certain temperatures and pressures, 
and find at 110° G — 
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PreHure 

S86Z 

60 000 

« - a (oaloulated) 

0 409 

0 888 

• (obMTTed) 

1 417 

1 8025 


1 006 

1 0096 


At 200° C — 


Prc-nro 

88484 

60 000 

c—a (oaloalated) 

1 008 

0 868 

e (obseiTed) 

1 798 

1 720 


0 798 

1 _ 

0 808 


At 240° C — 


Frenure 47600 60000 


«—a (oaloulated) 

a 166 

1 641 

V (obwored) 

8 468 

8 169 


0 808 1 

0 688 


ll rom this it u evident that a diminuhes with inci eased temperatnre, 
and inoreases with increased pressore 

Notwithstanding this, that Ciansinss formula does not at all 
accurately represent the state of the bqnid, there is no doubt that 
it gives a wonderfully accurate general representation of the more 
important features of the change of state In this respect it is of 
enormously higher value than the formula that only give the relations 
connecting the temperature and pressure of saturated vapours In 
addition to this, which it certainly gives in a rather complicated way, 
it gives the state of the liquid and gas before and after as well as 
dnrmg evaporation, and enables us to oslcnlate pomts on the theoretical 
oontmuons isothermal connootmg the liqmd and gaseous states 1 
have calculated enough of these points to roughly sketch m theoe 
curves that cannot be made the subjects of experimental inveetigatum 
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t)y the nenal meihodi, owing to the instability of the states thqr 

Olananu s equation may be pnt into the following form by assuming 
ji/(RT) =s y and »—« = *— 

y(«+7)* = (‘r+7)» - I 


From this it is evident that an isothermal is a quartio curve having 
asymptotes y ss 0 e = 0, and »+y a double asymptote at a cusp at 
infinity, so that the point at infinity on this line is a multiple point of 
a high order 

If we oalonlate the positions of the points of tangency of tangents 
pandlel to y = 0, for which consequently dy/de = 0, we have theoubio 
equation— 




2 «> 


and when two of its roots are equal 0< = and this determines the 
critical isotheymsl The quartio consists of throe branohes One, a 
serpentine brauoh, kes in the positive region of a and mostly of y and 
IS the only brsnoh of physical interest at present The othor two 
branches he entirely in the negative region of x and y One of these 
IS somewhat parabolic, and lies between is =s 0 and a, m —7 asymptotic 
to both of them, the other is hyperbolic and asymptotic to s = —7 
*uid to y = 0 The always real solution of the cubic that determines 
the points where dy/dx = 0 for positive values of e and 7 is a point on 
the parabolic branch of the curve that lies between x = 0 and x — —7 
rhe other two roots, when real, determine the highest and lowest 
points on the serpentine part of the curve that hes in the positive 
region of « The accompanying diagram represents the general 


F» 1 



^22 Fiof Q. F. Fitegerald Clatutut'B Formula [Ifur. SI, 

featntM of tbia class of oorre It u the partioalar case of the 
qnartio— 

(L+aM)*(M» - LN) = tLM», 

whore L, M and N are lines in which K u the line infinity, and L 
and X aie at right angles In the general ease this qnartio is a 
oontinnons carve with a cusp at the intersection of L and M and 
L-(-aM as the onspidal tangent, while L is a tangent to another branch 
that passes through the same point Its general features are some* 
thing like this— 


rio 2 



Qoneial FMtuie Diagram 


Tbeie is generally a double infiexion in the part of the curve 
outside the triangle L, M, N, and the particular one of a senes of 
such cut ves for which the two mflexio^ tangents ooincide is what 
corresponds to the ontical isothermal m a gas It is only what 
ooriesponds to the part outside the triangle that is of physical 
interest 

In the particular case of the curves representing the isothermals of 
alcohol, the negative parts of the curve lie at a veiy great distancL 
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from the origin compared with the dimensions of the serpentine p&rt 
of the positive branch, so that it is not easy to represent them both in 
the same fignre. I have calculated several points on the isothermals 
Corresponding to 110" C., 207'5" C., and 243 5® C. 207'5® 0. is the 
isotbormal that just tonches y = 0, while 243'5° C. is the critical iso¬ 
thermal. The dotted lines represent the saturated vapour-tensions for 
which the areas included in the loops of the curve above and below are 
equal. The points numbered 1, 2, 3, 4 are specially noticeable points 
on the curves so numbered iu the general feature diagrams. 

The isothermal 110° 0. goes down at the point 1 entirely outside the 
diagram to a pressure of —246,800 mm, and intersects its vapour- 
pressure lino outside the diagram to the right at a volume of 206. 
The negative parabolic branch of this isothermal only comes up at 
the point 3 to a pressure of —4,442,000 mm., while the corresponding 
points of 207 5° 0 and 243 5° 0. come only to —4,044,000 mm. and 
—2,743,000 mm., so that they are very far off. In the isothermal 
207*6° C. the point 4 lies at about x = —32, p = —32,000, so that it 
is not very far off. 

What strikes me as most remarkable about these curves and other 
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than what one might have expected, i« the very great dutance to 
which the point 1 dewenda at ordinary temperatnrea It would be 
mtereatmg to compare the forma of theae parta of the oorre for 
wreral Iiqmda, and aea whether there waa any connexion betwaam it 
and the ciqiillanty 


in ** The Inflnenoe of Streaa and Strain on the Pliyirioal Pro> 
perties of Matter. Part HI Magnetio Indnotion." By 
Herbcet TomunboK, BA. Commnmoatod 1^ Pxofewor 
W Qbtu.8 Adajib, MA, FRJS. Beoevad March 17, 
1887. 

(Abatraot) 

The author laja hefere the Society the reaulta of expenmente 
extending over a period of ten yean on the efPtota of streaa and atram 
on the magnetic permeabilitiea of iron, nickel, and oohalt 

Two methoda were employed In one the metal to he tested— 
usually in the form of wire—waa placed with lU axis coincident with 
that of a magnetiauig solenoid, in most oaaes of oanndaiBhle length 
aa oompared with the diameter of the wire, rbnnd the central portion 
of the aolmoid was wrapped a aeoondaiy ooil A annilar pair of 
primary and eeoondaiy ooila, with a similar piece of the aame apeci* 
men of metal, waa balanced against the first by means of resiatanoe 
coils, 80 that on closing the magnetiaing circmt no deflection was pro- 
dnoed in a debcate Thomaon a galvanometer anitably connected up 
with the resistance ooils and secondary coils The alteration of mag¬ 
netic permeability produced by stress waa measured by the change 
nooessaiy to be ma^ in the resistance coils in order to restore the 
balanoe 

In the second method the resistance coils wore dupensed with, and 
only a metal core used m one of the two pairs of solenoids which were 
connooled in senes each to each The arrangements were such that 
the pairs of solenoids, when without any cores, balanced each other’a 
effects on the galvanometer, so that the deflections of the latter instru¬ 
ment vrere due only to the magnetio permeability of the metal to be 
tested The alteration of permeability was in this case measured 
the change of deflection prodnoed in the Thomson’s galvanometer 
The second method was the one principally employed 
In all oaaes, where it is adiisable, the resists are either given in 
0 0 S units, or data are supplied for reducing to these nmts, more¬ 
over, the author has endeavoured to separate, as far as possible, the 
effectifof stress on the fermanenl and on the temporary permeabibties of 
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the metola,* whioh elteote are for the most part opposite in nature The 
paper »illustrated by a large number of ourrea showing the relations 
between magnetic permeability and stress end strain at difforent tem» 
peratnres from 0° 0 to 300° C and npwnids The information con¬ 
veyed by these canes it is impossible to adequately represent in an 
abstract, but the following are among the chief conclusions arrived 
at — 

1 When there is no permanent load on an iron wire, and the mag- 
netuing force is small, longitudinal traction of small amoniit increases 
the temporary permeabihty The increase reaches n maximum very 
qmckly as the load increases when further loading lx gins to dimmish 
(he magnetic permeability, nntil a certain limit has been reached, for 
which the permeability is a minimum If the load be carried beyond 
the above limit the permeability beg ns to increase again with the 
load As a consequence of the above, when the magnetising force is 
small there are (teo cntical values of load fur which the load produces 
no effect on the tcmporaiy permeabihty 

2 The first of the (wo cntical values of loading mentioned above 
diminishes with increase of magnetising force, and finally vanishes 
when the latter reaches a certain limit 

On the contrary, the second cntical value of loading incieases with 
the magnetising force 

8 The maximum of temporary permeability mentioned m 1 di¬ 
minishes as ther magnetising force increases, and oct urs at a It ss and 
loss degree of loading until the latter begins to produce decrease 
instead of increase of permeability 

The minimum of temporary magnetic permeability, on the con- 
traiy, inoreeses with the magnetising force, but like the maximum, 
ooonrs with a lower amount of load the higher the mognetismg 
force 

4 The efieots mentioned in 1 2 and 3 as being produced by load¬ 
ing, are modified when a comparatively small load is hit permanently 
on the wire The modifications are staled in 5, 6, and 7 

fi For small mi^etising forces loading produces no effect on tho 
temporaiy magnetic permeability, unless earned beyond a certain 
limit Beyond this limit further loading suddenly begins to increase 
the permeability 

6 For all values of (be magnetising force (be first critical value of 
loading vanishea 

The second critical value of loading increases with the magnetising 
force, bat for a given magnetising force is mnoh lower than when 
there la no permanent load 

* By the tsmu pernisnent and temporary permeabihtiei are meant the permea 
bihtv for pemanait magnetaeation, and the permeability for temporary magnetisa- 
tiou reepeettvely, 

TOL XLn. B 
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7. The minimnin temporary permeability inoreaMi with the ms^ 
netiRingforce up to a oe^^n limit of the latter, bnt beyond this limit 
deoreoaes. 

. 8. The pemment magnetic permeability is increased by loading, the 
amount of inoreaRe per cent, being very large for small magnetising 
forces and moderate loads, bnt diminishing as the magnetising fores 
inorcasea. 

9. The inorease of permanent magnetic permeability mentioned in 
8 rises in greater proportion than the load np hi a certain limit of 
the latter. Beyond this limit it rises in loss proportion than the load, 
amf eventnally ceases to rise with increase of load; the valne of the 
load at which this last oconrs deoreases as the magnetising force is 
increased. 

10. For a wide range of loading, the effect of the stress on the 
permanent permeability is opposite in direction to the effect on the 
temporary permeability. Goiiseqnontly loading may be fonnd to pro> 
dace either increase or decrease of permeability according as the 
permealniity wo are considering is temporary or permanent. 

Similarly the total magnotio pormeability, since it inolndes both 
temporary and permanent permeabilities, may bo affected by loading 
in the contrary direction to the temporary magnetic permuability, and 
the more so as the effects of loading on the permanent magnetic 
permeability are very mnoh larger than those on the temporary 
magnetic permeability for a rather wide range both of loading and dl 
magnetising force. 

11. The effect of loading—oven when carried to a great extent—on 
the temporaiy permeability of unannealod piano-steel is very small, 
provided the wire be not permanently stretched by the load. 

12. The effect of loading on the magnetic permeability of annealed 
iron varies veiy considerably with the amount of previous strain to 
which the metal has been subjooted. 

13. When the magnetising force is very oonsiderable and the load 
small, permanent extension, resulting from previous loading, oansss 
the diminution of temporary permeability produced by the load to be 
much increased; also the maximum diminution which can be tempo¬ 
rarily produced loading is increased. 

When, however, the temporary load exceeds a eertain limit, the 
diminution of temporaiy permeability produced by the load is lessened 
by permanent extension. Further, the load which produces maximum 
dimiuntion of temporary permeability may be considerably lessened 
by permanent extension. 

14. When the magnetising force is small the permanent strain may 
change tnereose of temporary magnetio permeability resulting from 

.loading to deereaBe, provided the load does not exceed a certain 
limit. 
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Wben the aboTe-meutioned hmit u exceeded the effect of the per* 
BMuent etraux u revemed 

1ft The effects mentioned m 12, 13 and 14 ere for the most part 
really the remits of subpermfutetU mol vXar strain, and can be in great 
meamre removed by severely shalcingthe wiie 

16 The permanent molecular strain -which is left on the removal of 
any load, produces, both for low and high magnetising foiccs, a pet* 
manent diminution of magnetic permeability mireasing with the 
strain up to a ceitain amount of the latter When, however, the 
strain is such that the wire is seiiaibl} increusi d in h ngth tho tern 
porary permeability tnarfcues considerably and the ;) rmaiient permea¬ 
bility diminuhes consider tbly up to a second limit of permanent 
strain whin once more decrease of temporary permeibility sets in 

17 Ihe 6tst maximum of the dcciease of permeability mentioned 
in 16 at fiist decreases with indvase of the magnitising force to 
nearly sero it increases again however, if we exceed a certain limit 
of magnetising force 

On tho contiaiy the maximum ineroase of temporary permeability 
at first rises with the magnetising foree nntil the peimoabihty is more 
than donbled when it begins to fall us the magnetibmg force is pushed 
farther 

16 Mere rest after permanent extension has little oi no effect on 
the alteiation of the temporary permeability whuli is priluced by 
loading whereas it veiy peiceptibly ineieases the longitadiiial elasti¬ 
city of iron 

19 For magnetising forces not exceeding a certain limit thcie are, 
for all temperatures between 0* C and 100 C two critical values of 
loading for which no nlteiation in the temporary porioeability is pro¬ 
duced by the load (see 1) 

Ihe valne of the load at thi first ci ticol point diminishes, and that 
at the second critical point increases as the teraperatme is raised from 
0° C to 100* C bat as tho tiinpeiataro is i used still fnrthei the 
first cntical load beeomes greater and the second becomes less, until 
at some teraperatnro between 250' C and dOO C tho two cntictd 
points ooincide 

20 For magnetising forces exceeding a ceitain limit the two cntioal 
points of loading appionch eachotlier at first slowljr and then rapidly, 
with increase of terapeiatuie from 0“ C to 300' C Both critical 
loads diminish with rise of temperature, but tho second moie rapidly 
than the first 

21 The effect of loading on the permanent permeability diminiahea 
■with nso of temperature from 0' C to 300' C 

22 As the magnetising force increases the total magnetic permea¬ 
bility of annealed iron which has not lieeu previously magnetised rises 
to a maximum and then b^ius to decline The maximum permeabi- 
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htj MeRUi to oc«ar at nearlj the same point of magnetic xnUemty 
for different speoimens of well annealed iron of good magnetic permea* 
bihty, bnt not at the same point of magnetumg force 

23 When an non wire has received previous magnetisation the point 
of maximum permeability ocoura with a higher and higher magnetising 
force as the previous permanent magnetisation increases 

The point of maximum permeabihty also oooors at a higher degree 
of magnetic intensity when the wire has been previously subjected to 
a high magnetising force 

24 Besides a point of maximum total peimiability there is a point 
of maximum temporary peimcability which occurs a little before the 
first-mentioned point 

24 and 23 are in accordance with Maxwell s extension of Weber's 
theory 

25 The temporary permeability is diminished by previons por> 
manent or snbpermanent magnetisation in the same direction The 
effect above mentioned may be very considerable, provided the mag 
netising force lies between certain limits 

26 When the wiie is well shaken after having been previously 
magnetised by a strong force the temporary poimeabihty is consider* 
ably restored, and is moreover much more nearly a constant for 
different values of the magnetising force than it was eithei previously 
to shaking or previously to suffering permanent magnetisation 

27 More than 90 per cent of the whole magnetisation imparted 
by a given forco to annealed non msybe permanent or subpermanent 
provided the magnetising force has a certain moderate value * When, 
nowever, the force is very large the percentage of permanent mag¬ 
netism IB much dinunished 

28 When an iron wiic is loaded to a certain limit longptndmal 
magnetisation has no effect on the thcimo clcctiioal qualities of the 
metal 

The limit of loading mentioned above seems to be the same for a 
given magnetising force as that at which magnetisation has no effect 
on the dimensions of the wire 

29 The general features of the curves showing the relation 
between temporary magnetio permeability and load axe the same for 
nickel os for iron 

30 There are two critical points of loading at which the load has 
no effect on the temporary magnetio permeabihty of nickel 

31 The load at the first cntioal point diminishes with dimmutioii 
of the magnetising force and finally vanishes 

• This has hem already notieed by Ewing ('Phil Trans 1886 Part II) m 
whose important memoir other points of interest eooneited with magnetio induotMO 
which are mentioned in thu paper hare been also dieottssed 
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* On the oontnty the load at the second ontical point increases as 
the magpetising force diminishes 

38 The effect of increasing the magnetising force on both the first 
and second cntioal loads is therefon opposite in direction to the effect 
in the case of iron 

83 Similarly the effects mentioned in 3 are opposite in direction in 
nickel and m iron 

34 Rise of ti mperatnre from O'* C to 300” C increases the maxi* 
mum increase of tomporaiy magnetic peimoabihty, which can be 
effected by loading nickel wire, and diinimshes the maximum 
decrease 

85 With nickel as with iron the magnetic permeability u not 
constant, but reaches a maximum fhe magnetising force which 
prodnees maximum permeability is greater with nicktl than with 
lion but the magnetic intensity at the point of maximum permeability 
IS less with nickel than with iron 

d6 Nickel wire can by shaking be more effectnally de magnetised 
than iron 

87 Well annealed nickel is capable of lotaining subpeimaneutly 
a Tery large percentage of the whole magnetisation impaitel The 
maximum percentage retained is, however, not so great as with 
iron 

88 At a certain temperature the magnetic permeability of nickel 
vanishes The temperature at which this occurs seems to bo higher 
the higher the magnetising force This last, however maj perhaps 
be due to impurities in the nickel 

89 The magnetic permeability of nickel rises with the temperature 
to a maximum and then diminishes Ihe tempcratiiic at which 
maximum permeability occurs diminishes as the magnetising force 
increases 

4A The temporary effects of corapression. on the temporaiy mag¬ 
netic permeabilities of iron, nickel, and cobalt arc in the opposite 
direction to the effects of extension provided neither the mechanical 
nor the magnetic stiess exceeds a oeitain amount 

41 The temporaiy effect of traction transverse to the line of 
xnagnetuatiou on the magnetic permeability of iron, is opposite in 
direction to the effect of traction in the samo line as the magnetisa¬ 
tion 

42 Temporary torsion beyond a certain limit (see 44) inoreaaes 
the temporary magnetio permeability of iron The amount of m 
crease may become very laige if the wire haa previoosly suffered 
permanent torsion or permanent magnetisation in the opposite direo- 
tion 

43 Permanent torsion decreasen the temporary magnetio per- 
mealnhty The amoont of decrease may become very large if the 
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wire haa prenonsly reooiTod permanent torsion m the opposite 
direction 

44 There is for all but very lai^ magnetising foioes a ontioal 
point of torsion, for which temporary torsion does not affoot the 
temporaty magnetie peimeabilit} 

45 When the critical point of torsion u passed, the temporary 
permeability increases with the torsion at first more rapidly than the 
torsion and afterwai Is more slowly until a maximum is reached and 
the peimeability begins to declmu 

46 When the wire has preriunsly suffered exoeasue permanent 
torsion temporary toision which has before produced mcrease of 
permeability now produces decrease 

47 The effect of temporary torsion on the temporary permeability 
of nnannealod piano steel wire is in the same direction aa with 
annealed iron which haa suffered excessive permanent torsion 
(see 46) 

48 For a wide range of torsion the temporary permeability and 
the permanent permeability of annealed iron aro oppositely affected 
by temporary torsion 

49 h laid pressnre does not temporarily affect either the temporary 
tnagnehc permeability of annealed iron, or the permanent magnetisa* 
tion of hard steel, except, it may be, to a degree ahich is not oom> 
parable with that of tho effect of stress applied in any one direction 

50 Ifao application, however, or the removal of fluid stress like 
that of the stresses of compression, extension, and torsion, shakes out 
fiom annealed iron a oeitain amount of residual magnetism 


IV. “Note on a New Constituent of Blood Serum” By L C 
Wooldridge, M D , D be, Research Scholar to the Giocers’ 
Company Communicated by Dr Pte- Sboth, FRS 
Received Alarth 19,1887 

I wuh m the present note to draw attention to a proteid snbstanoe 
which exists in very small quantity in blood sernm. Owing to the 
difficnlty of obtaining a sufficient amount, I shall not attempt to give 
a complete description of its chemical characters, but sh^l confine 
myself chiefly to its physiological properties which, 1 venture to 
suggest, possess considerable interest It is obtained by rendtnng 
undiluted serum distmctly acid by means of dilute acetic or very 
dilute (4 pro mille) snlphnno acid Neutralisation does not cause ito 
precipitation, the sernm must have a strong acid reaction It is 
constantly present in the sernm of d<^s blood, and when oolleoted by 
the oentrifiige it is precisely similar in physical oharacters to ordinary 
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4briii, and onl 7 diffen from the lattm* ohemioallj bj being more eaail/ 
■olnble in dilate alkali. It ia totally different from the soft gpnnalar 
precipitate of parag^obulin, the latter sabstance being extremely 
easily soluble in the slightest excess of add. It is also constantly 
present in serum of sheep’s blood. In the case both of dog’s blood 
and sheep’s blood it is only piesent m very small amount, and in the 
serum from horse blood and bullock’s blood it was absent in the 
speeimens I have examined. The physiological interest of this 
subetanoo will bo seen from the following. 

It ia well known that Schmidt regarded two proteid snbstanoes as 
being essential for coagnlation. One of these bodies was para* 
globulin, a substance existing in large quantity in blood serum. 
Subsequent investigation has failed to confirm this view, and there 
can be no doubt that paraglobulin is not essential to the prooess. 
But Schmidt has obtained results, the correctness of which we are in 
no way entitled to dispute, which apparently clearlj show that the 
quantity of fibrin formed can be largely increased by the addition of 
puaglobulin. I think this discrepancy can be explained by the help 
of this new substance, and this will bo best shown by doscnbmg the 
following expenments. 

Two portions of peptone plasma were taken, and 

To No. 1, an equal quantity of sheep’s serum was added. 

„ No. 2, a nnall quantity of a solution of the new substance. 

No. 1, alter many hours only pi-esented a scarcely perceptible 
flooonlns of fibrin. 

No 2 was quite solid in 15 minutes; on sqiieesing out the fluid 
from the clot and again adding a solution of the new substance, 
the mixture again clotted through and through. 

Now Schmidt’s expenmente wore very much of this nature. He 
found in certain specimens of hydrocele fluid that the addition of 
fibrin ferment produced very slight clotting, whereas on the farther 
addition of a substance which he regarded as paraglobulin a decided 
clotting took place. Now sheep’s serum contains plenty of para* 
globulin and plenty of fibrm ferment, but it has no appreciable 
effect in my experiments. 

But this new substanoe, which it must be remembered is only 
present in very small quantity in serum, had the most marked 
influence, and hence I conclude that it is the new substance, and not 
paraglobulin, which increases the amount of fibrin. It may be 
mentioned tiiat in preparing paraglobulin a certain amount of the 
new substance is always precipitated with the former substance. 

A second physiological property of this new substance ia the effect 
it exerts when iiyeoted into the oironlation of a living animal. 

It is very exceptional to find that the imjeotuiu of blood scram 
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produces any effect, semm containing plenty of paraglobalm and 
ferment but only traces of the new substance 

But the injection of a eolation of this body prerents the coagulation 
of the shed blood Oooamonally as the result of the injection very 
small thrombi are formed possibly if more oonld be obtained con* 
Biderable mtravasonlar olotting might be set up 
Ihe following is an example 

A quantity of the now substance obtained from 300 oo sheep’s 
serum and well washed was dissolved in dilute alkali and salt 
solution (The amount of snbsianoo was I estimate 0 2 gram ) Thu 
solution was injected into the jugular vein of a rabbit The blood of 
thu rabbit prenona to the injection clotted m two minutes after the 
injection the blood drawn off remained quite flnid for three hours— 
tune of observation It clotted, however, directly on adding some of 
the solution injected 

The injection of considerable quantities of serum or of paraglobnlm 
I have not found to have any appreciable effect 

Of itself this substance, since it exists in so small amount, is of 
bttle interest, but as it appears to vary in quantity in different 
animals and under different oiroamstances, it u easy to see that 
misapprehensions as to the mflnenoe of paraglobnlm on coagulation 
might easily arise 

These observations slso throw great doubt on the power of fibnn 
ferment to produce a so called intoxication 
This snbstance has an extremely feeble influenoe on dilute MgSOi 
plasma, and hence contains but a trace of fibnn ferment Since 
it u closely related to the fibnn yielding matters of the plasma, and 
to tbe tissue fibnnogous I have elsowhoro desonbed, I should 
propose to call it serum fibnnogen 


V. “ Preliminary Note on the Fossil Remains of a Chelonian 
Reptile, Ceratochelya athenurua, from Lord Howe’s Island, 
Anstmlia” By Thomas H HuxiiET,FRS Received March 
24,1887. 

The interestmg remains of whioh I propose to give a bnef notice 
in the present oommnnioation, are oontamed m a fnable sandstena 
(apparently formed of concreted blown sand), and they have a very 
recent appearance Tbe age of ^e deposit m which they are found 
IS unknown, bnt it u probably quaternary The specimens have been 
for some years in the pslmontological collection of the British 
Mnsenm, and, for the most part, they have not yet been snbmitted to 
carefnl examination. But 1 learn that the greater number of them 
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were long sinoe rightly determined to be Chelonian by Mr. Davie, 
and aet aside as snoh. 

Several of the most important of these numerons and, in general, 
very fragmentary bones were originally found imbedded close together 
in the some block of sandstone. They consist of a great part 
of a pelvis, a candal vertebra, and an imperfect skull. Of the 
pelvis, a right isohinm and a pnbis are imbetdded in tho rook, while 
an imperfect right ilinm, which fits well on to the ischinm, is 
separate; all these bones am unmistakably Chelonian. The candal 
vertebra has remarkable peonlwrities. It resembles an ordinary 
Chelonian candal vertebra from the anterior half of the tail, in its 
general characters; bnt it is strongly opisthocoelons, tho centrum 
having a deep enp behind and a correspondingly curved articular heed 
in front. From the posterior part of the ventral face, two stout pro¬ 
cesses diverge, and present terminal ronnded facets for the rami of the 
large chevron bone which must have articulated with them. As a 
general rule, the caudal vertebrm of Chelonia are procoelons—but 
Chelydra and Ctyfoehelys (perhaps also Siaurotyptu and I'hityaternwn) 
form well known exceptions,* in so far as the vertobrm behind the 3rd 
or 4th are strongly opistboccslons. In fact, the vertebra in question 
closely resembles tho 6th or 7th of OMydra or of Qijpoehelyi (see 
figs. 1 and 3). In the first, however, the transverse processes are 

Fie. 1. 



Ouidal vertebra of C»raio<Myt, V, jdstfom on the neural erehi pe, pn- 
tygspophyds mutilated i tr, broken traniTene pnxwM; Chif, ptocesMe for tbe 
eberron bone | Cie, chevron bone. 

* Tbe opiithoeodone ohsiaoter of nioet of tbe eaudel vertebne of CMydrm wae 
fret pointed out by Yon Mryer in ble dreeription of the (Bningea CMi/drm. Baur 
(*' Oeteolog i sehe Notuen," ' Zook Anseiger,' No, SU, 1886) bat gone fully into the 
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very mnch stronger and the pentagonal platform into which the upper 
aor&oe of the nenral arch expands, in place of a nenral spine, is as 
(ong as the vertebra instead of being only about half as long. The 
stoat pre-xygapophysiB of the right side is broken off, leaving only the 
base visible in the fossil. 

Two other oandal vertebiw, having the same stmctural features, 
occur among the detached remains; and belong, like the first, to the 
second fourth of the tail. Another tolerably complete vertebra, with 
a considerably longer centrum, corresponds vpry closely with a caudal 
vertebra of Oypoeheiy$ from the third fourth of the tail. In this, as 
in one of the foregoing vertebras, the chevron bones are aukylosod 
with the centrum. I conceive, then, that there can bo no doubt that 
the pelvic bones and these caudal vertebrae belonged to a Chelydroid 
Ohelonian, of about the sise of the largest " Snapping turtles ’* which 
are met with in North America at the present day. 


qoeition, and hoi pointed oat the ezoeptionsl nature of their etruoture among the 
Ohelonio. Since the above paragraph was written, Dr. Oflnther has kindly enabled 
me to examine a spirit specimen and a skeletoit of Platfiltmum. The ooudol 
vertebrm resemble those of CAelgdrit, exoept that the last nine aro proocslous, while 
that between these and the more anterior opisthoodslons vertebne u nearly flat at 
the ends. In this, as in other respects, Plmtgitermim presents ehoiBoters inter* 
mediate between Ckelgdra and the ovdinoiy Emgdm, Frofesior Oope Vertebmta 
of the Tertiary Formations of the West,' 188S, p. Ill) asoribss opisthoeealona 
oandal vertebra to the Samnda, but no flgurea or deaoripliona of anoh vertebra ore 
given. Of the opiethooealoua Ohdonion vertebra flguiwd in Plate XXIV et die 
' Report of Rxtinot Verlebrota obtained in New Uexico' (1877) it is expressly atoted 
that tliair‘‘eofrsolrafemioeoaniiot now be made” (p. 4S). 
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Prtma/aeta, the akiill fonnd in the eame block might aleo be expected 
to be that of a Chelydroid and, in fact, it is lo 1 do not base this 
interpretation on the Chelonian character of the npper jaw as there 
are vanous extinct Sannan reptiles which oloeely approximate 
Chelonia in this part of their structure The diagnostic characters 
lie in the bark part of the skull and especially in the an htoiy legion, 
which is altogether Chelonian Not only so but when this fragmentary 
skull IS compared with that of Ohelyira the conespondence betneen 
the two IS singnlarly exact (figs 3 and 4) In two respects however, 
the fossil diffei-s from Ohelydri and Qypoehelyt 


Via 8 



BkuIU of CeratoeMgt (flg 8) and Ckrlg Ira (flg 4) the Utter of the nstuia 
sue the former much reduced The portion of the skull of CkatgJra which 
corresponds with the fossil is shaded 


1 The roof over the temporal fossa formed by the parietal, post* 
frontal, and othei bones, which leaves the auditory region uncovered 
in the recent genera,* extends back, beyond the occiput, m the fossil, 
and sends down a broad vertioal run from ite maigin 

* The roof extends much further bsidi in Platytttramm 
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2. The upper nirfaoe of the onmial shield is, at most, rugose in 
the recent CMydndce; m the fossil, three strong oonioal processes, 
like horn-cores, of which the middle is the longest, are derebped 
from its posterior and lateral region * 

This shall is described and figared in the ‘ Philosophical Trans- 
actions’ for 1886 (Plate 30, fig 1) by Sir B Owen, under the 
genonc or sabgeneno name of Metolanta, and is said to belong to a 
Saurian reptile closely allied to the “ Megalanta pntea ” described in 
earlier commnnioations But the skull is assuredly that of the 
Chelydroid Chelonian to which the pelvis and caudal vortebi a belong 
What Megalanta pruoa may be I do not pretend to say, but the 
remains which I have doscnhed can have nothing to do with any 
Saurian reptiles, and I propose to confer on the genus of Chelonia to 
which they belong the name of Ceratoehelys 

The smgular osseous caudal sheaths described by Sir R Owen, m 
the same memoir, also appeitam to Oiratochelys They formed part 
of the senes of remains sent to the Bntish Museum along with tho 
foregoing, in which none but Chelonian bones have yet been 
discovered, and tho remains of veitobie left in these sheaths are 
similar to the caudal vertebrae of the toiminal fourth of the tail m the 
Ckelydnda The Snapping turtles are noted for tho length and 
strength of the tail and for the strong, laterally compressed, 
acuminated “ scales ” which form a crest along the median dorsal line, 
while others, less strongly keeled, lie at the sides of the tail In many 
Chelonia, the extremity of the tail is enveloped in a contmnous sheath 
These and other soale-Iike structures in the Chelonia, are usually 
spoken of as if they were entirely epidermal But, a day or two ago, 
Dr Qunther informed me that in the Australian Tortoise, Manourxa, 
the gpwat imbricated scales of the limbs contain bony scutes, and that 
similar scutes are to be found in Teetudo grceea This of course, 
suggested the examination of the caudal scales of Ohelydra and 
Oypoehelyi, and, having been enabled by Dr Gunther’s kindness to 
examine the caudal scales of a good sised specimen of the latter, I have 
found that those of the crest contain bony scutes f The bony scute 
corresponds very closely in form with the whole “ scale,” but the 
recurved apex of the latter u formed only by epidermal subatanoe 
(figs 5 and 6) 

The living Okeh/ira, therefore, has a caudal armature which, in 

* It M poMbls that these may be derma! bones coherent with the proper oranial 
shield 

t The fact is noted by BQtuneyer (Long and Butuneyer, "Die Foseilen 
SehddkrOten von Solothum," * Denksohnften der AUg Bohweu Gksellsohaft,' 
toL 28). The armatun of the tail m PkUytUnum u for the most part arranged 
in sones, of four plates m each sons, but I have not yet been aUe to find any 
bone in them. 
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Fio. 6. 



Fio. 8. 



Beotional riew* of »irata of tha tail-armour of CtnUorktlg* (flg. 5), anil of on* 
of the oreat platea of Oypoehelgt, both of the natural tiae. 

principle, ia similar to that of Ceratoehelys, bnt the oaseona olementa 
are relativoly atrophied. There is exactly the aame relation between 
the armour of apeciea of livinff Croeoddet and AUiyaton, on the one 
band, and those of Jaeare and Cawian and the extinct Teleosaurxa, on 
the other. In the former, the epidermal scales remain well developed 
on the ventral aide of the body, while the correspondinff osseoun sontes, 
fnlly developed in Jaeare, Caiman, and Ttleoeauna, have vanishod. 

Among the detached fragments to which 1 have referred, there are 
Tomaina of ribs, with their costal plates; marginal and other plates of 
the carapace; parts of the plastron; part of a scapula; sundry limb 
bones; and several of the cranial processes called “ hom-cores.” They 
all agree, so far as they can be compared, with the determination 
already arrived at; which, to sum it up in a few words, is that the 
remains of crania and caudal sheaths from Australis, hitherto referred 
to Saurian reptiles, under the names of Megalania and Meu/lania, 
appertain to a hitherto unknown species of Chelonian, Oeratoohdye 
tihenumu, closely allied to the living Ohelydra, Oypocbdyg, and Platy- 
etemtrm. 

The evidence of this ^t offered in the present note appears to me 
to be conclusive, but it may be desirable hereafter to figure the parts 
mentioned and to describe them at length. 

The interest which attaches to the discovery of this singular 
Chelonian arises partly from the fact, that the group of Chelonia to 
which it balongs is wholly unrepresented in the bmnaot Australia, as 
at present known. Flatyetemwn is usually said to be found in China. 
Dr. Gdnther, however, informs me that Upper Bnrmah is its proper 
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habitat; otherwiiie, N'orth America, cant of the Bookj Mountains, is 
the neareHt region in which the Ohalydrida are to be found. But 
Ohelijdndfe, and, indeed, species of the genns Cheltjdra, occur in 
Upper Miocene (CEningen) and in Eocene formations in Europe. 
Moreover, Platychelys, of the Upper Jurassic series of Bavaria and 
Switzurland is regaided by Butimeycr as an early form of the group. 

Lord Howe’s Island is abont 200 miles from the nearest Anstralian 
mainland, and something liko 400 miles, as the crow flics, from the 
Darling Downs, in which the caudal armour, which has been ascribed 
to Mfigcdania, was found. The discovery of Oeratoehelyit, therefore, 
has an interesting bearing on the question of the former extension of 
Australia to the eastward, on the one hand; and of the possible 
derivation of such forms as Oeratorhelyt from Asia, on the other 
hand. An elevation of the sea bottom of COCO feet would place 
Norfolk Island and Tjord Howe’s Island on a peninsula extending 
from the region of the present Barrier Rcof to New Zealand; and 
the Florffl and Eaunss of those islands are known to have special 
affinities with those of New Zealand and none with those of Australia. 

Speculations respecting the origin of the Chelonian carapace, are 
suggested by the discovery of osseous sontes in the vertebral region 
of the tail, and their coalescence in Oeralorlielyt to form a sort of 
caudal carapace, ridged in a manner resembling that of GMydta and 
Plaiyehelyt, But the consideration of these points would take me 
beyond the limits of the present note. 


VL “Action of Caffein and Theine upon Voluntary Muscle.” 
By T. Lauder Buunto.v, M.D., F.R.S., and J. Tiieodorb 

Cash, M.D. Received March 24, 1887. 

From a number of experiments we have found that caffein and 
theine both cause rigor in the voluntary muscles of frogs. All theJe 
experiments were made on Hana teviptirarin and none on Pana 
lento. The action is, however, very variable, the ngor being some* 
times exceedingly well marked, and at other times not observable. 
The alteration does not depend on the dose of the alkaloid. When 
the gastmonemii of the same frog were treated with solntions of 
caffein or theine of different strengths, the stronger solution had the 
most powerful action; but when different frogs wore used, a large 
dose sometimes had little action on one frog, while a small dose had a 
powerfhl action on another. Theine seems to be rather more powerful 
than caffein, but the quantitative difference between them is slight. 
There is, however, a marked qualitative difference between them, 
inasmuch as theine tends to produce rhythmical contractions in the 
muscle. Complete curarisatiou quickens the occnrreuce of rigor. A 
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variation U olnerred in the action of the allcaloids on the different 
mnaoles of the aome frog. In the triceps the rigor is more mpidly 
developed, and more extensive than in the gastroonnmins. In the 
sartorins rigor commences soon, inoroasos rapidly, laste for some 
hours, and then relaxes. 

The addition of lactic acid to a solntion of theino or caffein eanses 
the rigor to appear sooner, develop more rapidly, and attain a 
greater maximum. Potash retards and diminishes the action of thoine 
or caffeine. Quanidine produces at first its characteristic clonio ooa> 
tractions, but those pass off long before the rigor of caffeine or 
theine begins, and the appearance of tho rigor is postponed as com¬ 
pared with tho rigor of theine or caflein alone. On comparing the 
effect of gnanidino with that of chloride of barium, we found that in 
the case of tho guanidine the rigor was longer in occurring, and its 
maximum was greater than that produced by barium halts. The 
addition of chloride of calcium to tho solntion of theine quichens 
rigor and makes it more extensive. One phenomenon which seems 
deserving of attention is tho rhythmic contraction of the muscle pro¬ 
duced by theine. This rhythm is so stow that it would oscape attention 
unless a very low rate of speed were Uhcd in tho rocortling appa- 
iHtus; it is sometimes as slow as from three to about one contraction 
per hour; it may continue for twenty horn's. The rhythm is usually 
produced by small doses of theine, which do not canso a marked rigor; 
it may, however, oconr at the commencement of what develops into a 
lasting rigor, or at tho relaxation of a psendo-rigor, by which we 
mean a phenomenon which might also be termed tetanic rolaxation,- 
The rhythm is more rapid at the commencement of its occurrence 
and slower towards its termination; it may be as rajiid as twenty 
relaxations and contraotions in an hour, or as slow as between one and 
two in an hour. The total extent of contraction and relaxation is 
very small, amounting to about one-fifth of a millimetre At first the 
dontraotions and relaxations are eqnal in duration, but afterwards the 
relaxations become more rapid and tho contractions slower. In one 
instance we observed the remarkable pbenomonon to which we have 
given the name of psoudo-rigor; in this experiment the applicatioh 
of the theine was followed by slight relaxation of the muscle, to this 
anooeeded an equal contraction, and then followed great relaxation 
below the normal, so great indeed that the negative curve below tlie 
absoissa strongly resembled the positive curve of contraction dnsC to 
rigor in most other experiments.* 

* Thk phenomeium ii difflonlt to explain, but it luitgotti the powibility of a 
tMtuvano at well at a longitudinal oontrsobon in mmoular fibre.—March 29,1887. 
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VII. “ Contributions to our Knowledge of the Connexion between 
Chemical Constitution and Physiological Action. Prelimi¬ 
nary Communication on the Action of certain Aromatic 
Bodies.” By T. Laudkr Brunton, M.D., F.R.8., and 
J. Thbodore Cash, M.D. Received March 24, 1887. 

The distinctive action of tho lower members of the fatty series is 
their stimalant and anaesthetic action on the nerve-centres. 

The members of the oromatio series alao affect the nervous system, 
but they appear to affect the motor centres more than the sensory, so 
that instead of prodneing anapsiheaia, like tho members of the fatty 
series, they tend rather to produce tremor, convulsions, and paralysis. 
Bensene, chlorobensene, hromobensone, and iodobensone are all 
somewhat similar in their action on frogs; the halogen radicals not 
modifying the action of the benzene to snch an extent as they do in 
the case of ammoninm salts. The voluntary muscles are weakened 
by them, and there is a slight tendency to paralysis of the motor 
nerves; but the action is chiefly exerted upon tho brain and spinal 
oord. The brain is first affected, as shown by general lethargy and 
disinclination to move. Next tho cord is affected; motions are imper¬ 
fectly performed, and there is a tendency to general tremor on move¬ 
ment resembling that observed in dissominatod sclerosis; sometimes, 
however, the tremor is observed independently of movement. 

Tho addition of hydroxyl to the ben^ne nucleus inteDsifios the 
oonvnlsant action, so that oxybenzene (carbolic acid) and dioxy- 
bensene cause convulsions in frogs, and tnoxybenzene causes jcrldngs, 
though of a slighter character. 

The Society then adjourned over the Easter Becess to Thursday, 
April 2lBt. 


Pnienti, March 81,1887. 
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'** On the Effect of Poluih on the Reflexion of Li^t from the 
Surface of Iceland Spar.” By C. Spopa®, B.A., St. 
eSatherine’a College, Cambridge. Communicated by B. T. 
Glazebbook, M.A., FJLS. Received November 18,—Read 
December 1886. Revised March 3, 1887. 

I Introduction. 

The optical effect of polishing the surface of a transparent body has 
reoeived the most complete investigation at the han^ of SeebMk,* 
and till very raoentlTf Seebeok’s were almost the only experiments 
made on the subject. Seebeok’s method oonsintod in observing with 
a Nicol the light of a lamp reflected from the surface of the body. 
By means of a divided circle, the angle of polarisation was measured, 
and it was from an alteration in this angle that a change in the state 
of the surface was inferred. But it has been einoe shown Jamin{ 
that, when plane polarised light is incident upon the surface of a 
transparent body, the reflected light is in general not plane but to a 
measnreable degree elliptioally polarised, and consequently there is no 
angle of incidence at which the light can be eomplOdy quenched by a 
KicoL It follows that, as regards our present state of knowledgo, 
Beebeck’s investigation is to some extent incomplete, and also that 
there is some nncertainty in the determination of the angles of 
polarisation, which may affect our conolnsionB as regards the state of 
tiie surface, especially since the difference produced by polishing is 
according to Smbeck not very large. Both Sir David Brewster§ and 
M. Jamin were of the opinion that Seebeok’s experiments should be 
repeated, and the latter promised to consider the effect of polish 
later on but appears never to have done so. Mr. Glasebrook kindly 
pointed out to me that the subject presented a suitable field for 
research, and, at his instanoe, I undertook the present investigation. 

My object has been to attain greairr aeouraoy than hitherto by 
employing for an analyser a quarter undulation plate in addition to a 
Micol, so as to make the extinction of the reflected light very 
complete. The angle of incidence of the polarised light falling on the 
surface of the crystal was kept constant, in order to measure as 
Oreetly as possible the alteration produced by change of polish Both 
the aiimuth of the major axis and the ratio of the axes of the 
elliptioally polarised light were calculated. These quantities furnish 

• ’ Poggradorff, Anuslen,’ roL 90.1890, p 87 . voL 21,1881, p 200. 
t Sir J. Conroy, ‘ Boy Soo. Proo,’ Fob, 188? 
t • AanslM do CUmie,' roL 29,1860, p. 268. 
i ‘ Ediiib. Joan. SeL,’ voL 0,1881. 
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ns wtth two indepftndeat toata of o ohuge of nirtaoe, luid oompletely 
daiarmine tha natnre of tbe b'gfht, ao that a knowledga of their ralaea 
bafora and sftar polishing enabka ns to state the preoiaa alteration 
pondnoad in tha reflected light, a qneation which haa narer been 
inTeatigated, and ia, I belieTe new to this paper. 

n. Appanitw. 

A seriea of preliminary experiments were made to disooyer what 
^tparatna was beat suited for the investigation. I found that, 
whether a Niool or a Nicol and a quarter undulation plate were 
naed as analyser, it was beat to polarise the light before incidence. 
Also, observationa showed me that a Niool and a quarter wave plate 
were a more sensitive arrangement than a simple Nicol, supposing 
that in each case the bght was polarised before incidence. I have 
tiierefore deemed it necessary to employ the Niool and quarter wave 
plate arrangement in order to secure all the accuracy that is possible 
tiy oompletely quenching the reflected light. 

The instrument 1 used was an elliptic analyser Idndly lent for the 
pnrpoae of these experiments by Professor Stokes 

A very full description of the instrument will be found in the 
‘ Phil. * for ISfil, but the following abbreviated account is given 
in order to explain the way in which it was used during the course of 
the experiments. 

The elliptic analyser consists of a brass annulus attsdied to a 
Tertical stem which fits into a hollow cylindrical foot. When the 
foot ia placed on a table, the plane of the annulus is vertioaL Within 
the annulus turns a brass graduated disk; and the angle through 
which it turns is read off by means of verniers engraved on the 
annulus. Theae verniers are therefore fixed. l%e duk is pierced by 
a central aperture on the side of which opposite the incident light is a 
screw thread, so that a cell containing a quarter wave plate cui be 
screwed into the disk. In frpnt tbe disk carries a hollow cylinder 
turned in the lathe with the disk itself. Bound the cylinder tarns a 
collar into which is screwed a tube containing the analysing Niool. 
The collar carries a pair of level edged verniers by which tbe angle 
may be read off through which the Niool has been turned. These 
▼emiers are therefore moveable. Thus the quarter wave plate moves 
in asimnth, carrying tha Niool along with it, and tbe Niool has 
likewise an independent motion in asimnth. In observing, the light 
is extinguished by a oomlnnation of the two movement^ in wl^h 
case the elliptioally polarised light is converted by the quarter wave 
plate into plane polarised, which is then quenched by tbe Niool. 
There are two principal positions in which the light can bo qnenohed, 
and, sinoe eithn> Niool or quarter plate may be reversed by taming 
through 180”, there are four subordinate positions corresponding to 

b2 
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mob principal porition. The poaition of the Niool is detenoinad Ilf 
the r^ings of the two moveable and that of the qoarter ware plate 
bj the readings of the two fixed vemiers. Thna each principal 
position is determined bj eight readings, and in the tables which 
follow, each number is the mean of eight readings. 

Suppose that B, R' are the mean readings of the fixed, r, r' the 
mean readings of the moveable vemiers, then the quantities, which it is 
the object of the present investigation to determine, are tun w, the 
ratio of the axes of the ellipse, I, the asimuth of the major axis of the 
ellipse, and these are given bj the formule— 

cos 2w = sin (r'—r)/8in (R'—B), 
and I = ^(R'+R). 

These equations determine v absolntoly, but I will be measured 
from an arbitrary aero which will remain fixed so long as the quarter 
plate IB not nusorewod from its containing tube, bnt which will be 
changed by a constant amount, if for any reason it is nnsorewed and 
rescrewod up. 

A subsidiary quantity is p, the retardation of the crystal plate, 
which may bo determined by means of the equation, 

oos p = tan (r'—r)l tan (R'—B). 

The source of light employed was an Aigand bnmor, the rays from 
which were polarised by moans of a Nicol before incidence. 

m. Adjiutmenti. 

The tube of the polariser was levelled and its axis placed in a direct 
line with the centre of the flame. The height of a small brass table, on 
which the crystal was placed was adjusted so that the reflected light 
passed through the tube of the analyser. A nnmber of preliminaiy 
observations were made to determine the best angle of incidence, {.&, 
the angle at which the extinction was most rapid. 

The best position of the analyser having bwn found, the centre of 
the tube of the analyser was adjusted to the same height as the centre 
of the tnbe of the polariser and the centre of the fime of the orystaL 
The tnbe of the analyser was so directed that a ray of light from the 
centre of the flame passing dong the axis of the polariser was reflected 
feo as to enter at the centra of the tube of the analyser and leave at the 
centre of the tube. 

As the present experiments were directed to discover a difference 
which at the outset was reoognised as possibly small, especial caw 
was taken to seoura fixity of poeition in the parts of the instnuunt 
and in the position of tiie fltoe of the crystal ot Iceland spar. 
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Tb» itwtminenia were flrmlf attuhed to a laboratory table, and 
before oommenoing the moveable parte were examined and tightly 
■orewed np. Bound the base of the table and the foot of the analyser 
a small quantity of melted paraffin was poured so as to form con¬ 
necting links fh>m one part of tho apparatus to another. From time 
to time these links were examined and found to be unbroken. 

To attach the crystal to the table, hard electrical cement was need. 
The plan finally adopted was to place the crystal on the table, and to 
fix it by pouring a small quantity of melted wax down the back of it. 

Sinoe the crystal was removed from the table to polish its snr&ce, 
some means of restoring it to its original position were needed. The 
foliowring optical method was employed. 

A oircnlar diaphragm with a central pinhole was fitted to the brass 
tube containing the polarising Ntcol. If tho pinhole were slightly 
eccentric, the position>of tho hole would change as the disk rotated in 
its plane. To obviate any such alteration, a radius was drawn on the 
diaphragm whioli was set so that it was horisontal and always pointed 
in the same direction. In front of the source of light was placed a 
soreen having a small hole at the same height as the pinhole in the 
diaphragm. The position of the screen was defined by lines drawn on 
the table. 

Thus only a single ray of light was allowed to fall on the surface of 
the oiystal, vis., that passing throngh the apertures in the soreen and 
diaphragm. As these apertures could always be replaced in the same 
position, the direction of this moident ray was a fixed horizontal 
straight line. In a similar manner a oircnlar diaphragm with a 
oentral pinhole was fitted to the brass tube containing the analysing 
Niool, and some distance in front of this tube was placed a soreen 
writh a pinhole at the same height as the pinhole in the diaphragm. 
The position of the screen was d^nod as before by lines drawn on the 
table. A radius was drawn on the diaphragm, and also, since the tube 
itself was moveable, a mark was mode on it so that it could be turned 
into Uie same position. 

The crystal was placed on the brass table so that its plane was 
vertical and passed through the centre of the circular top. 

On placing the eye opposite the aperture in the screen facing the 
elliptic analyser, it was found that a bright dot of light wras visible. 
Thus the horicontal incident ray already mentioned must have been 
rofisoted by the crystal sarfaoe so that it passed throngh the apertures 
in the aoreen and the diaphragm fitted to the analysing tube. These 
apertures ounld be replaced in the same position, and therefore the 
dirsotioii of the reflect^ ray was a fixed horisontal line. Conseqnently 
the Bomal to the surface of the crystal bisecting the angle between 
the inoident and reflected rays was a fixed direction. 

Supposing the oiystal to have been taken down for poliahing, it 
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ooald be restored to position bj plaoing the disipbragms snd sonen 
in their proper station, and setting the orystal so that a bright dot of 
light was risible to the eye in front of the last screen. 

The only possible changes in position that this method allows are a 
displacement parallel to the table and a rotation of the face of the 
crystal in its own plane. The former was prevented by means of 
fixed marks on the table, and the latter by taldng every precaution to 
leave the base of tho crystal in contact with the table onchanged, and 
later on by the nse of a template. 

A senes of experiments were made to determine whether the dia¬ 
phragms and screens oonld be removed and replaced in exactly the same 
positions Fur this purpose the screens and diaphragms were removed 
one at a time and replaced, naing only the setting lines. It was found 
that the dot of light remained visibly while the slightest displace* 
ment of the screens caused it to disappear. 

During each set of experiments the screens and diaphragms were 
frequently replaced to determine if the crystal remained unmoved. 

The surface of the crystal was shielded during the day hy n bot 
with apertures, and completely covered at night. In taking the 
readings the quarter wave plate and Niool were tnmed into 4&oh 
positions that the centre of the field was as dark as possible. , 

IT. JBoparimoiU* made with a Natvral Face. 

Observations were now made with the light reflected from thhi y 
natural face of the crystal which seemed the best. The results are ' 
given in Tables I, II. The observations made with the crystal were 
always consecutive, none being rejected after the first satis&otory 
observation hod been taken. 


Table l-r-Observations with a Natural Face. Mean Temp. 0. 






Z^fr<mIedmAapat^ 

TiOdelL 


U1 


Usaat.. 


tea*. 

I. 

f sa'-s 

1 SO-8 

1 48-1 

1 ss-s 
a os 

1 B6-3 

1 67-6 
!■ 46- 
1 60 4 

a 6-4 
a 8-a 

1 61 -a 

1 6S-8 

iiiliiiiiliil 

ooooooooooooo 

108-186* 

108-088 

108 106 
106-860 
108-161 

108-OSS 

106- 090 

108 101 

108 loa 

108-084 

107- 876 

108- 148 
107-986 

1 u-d 

a-osrn 

uoe-oss 


Taking from Table I the mean yaloea of B'— ¥—r, we haTe— 

o- - 01=!l ^ ^ 0-997702. 

am 91-492 

Thos w a: 1* 55', and we obtain for the Talnea of the qoantitiea 
whioh determine tiie nature of the polariaed light, 

tan w = 0-03346, I = 108088’. 

We haye to find whether theae two qoantitiea are altered bj 
polishing. 

The anbsidiaiy qnantity /> is given by— 


tan (r'—r) - tan 85-886 
“ ton * tan 91-492 


-o-soai. 


We are oalenlsting p merely for the purpose of yerifioation, and ava 
not using it to determine the nature of the polarised light. Takib 
then, /i to be the least positive angle which satisfies the last eqnatioa. 
Thus p ac 111* 14'. This is the mean value of p. To estunate the. 
error in determining p, take the 12th set of obswvations in Table £ 
We have— 


tan 85-900' _ 
ton 91-756 “ 


-0-42768, 


whanosy s« 115* 19*. There is thna a difCsnsnoe o{ 4” in the extcegie 
value ofi p from the mean. The oanae of this appaiently'large vamr 
turn ia.the valuea of p will be considered later on. 
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V. D0t«rminatim of the IncUndtion of the Nahmii Faee to the mime 
Face Pciuhed, 

The oiTstal wu iiaken down from its position on the brass table, 
and, in order to ensure that the face from which the light was 
refleoted was gronnd parallel to itself, the inclinations of the face to 
two other faces which were left nntonohed, wore obtained before and 
after polishing. The measnrements were made in the nsoal waj with 
the spectrometer. It was found that a fair image of the slit conld be 
obtained by reflexion at each of the faces. Three times the crystal 
was coiqplotely dismounted and measurements of each angle taken. 



BefMe poluhmg. 

After polishing. 


First angle. 

Saeond angle 

First angle. 

Second angle. 


10*6 i 66 
106 6 16 
106 7 16 

1% ek 

74 69 0 
74 68 7 

l(Sl 6 ik 

106 6 7 

106 6 7 

7*4 tb S 

74 68 98 

74 68 60 

IfMIU.. 

106 6 10 

74 68 86 

106 6 87 

74 68 44 


The angles are almost unaltered and the differences are within the 
limits of experimental error. Lines were drawn round the sides of 
the crystal parallel to the edges, and after polishing remained still 
parallel, which was an additional conflrmation. The conclusion at 
which we arrive is that the polished face was parallel to the natural 
face. 

VI. Method of Poliehing the Orygtal, 

The natural &ce which had been the subject of the experiments 
recorded in Tables I and II was polished. The polishing was per¬ 
formed by myself to ensure an exact knowledge of the treatment it 
reoeiTed. 

I am indebted to Professor Tbrelfall for the use of the apparatus 
and materials. As previous experimenters seem to have experienced 
a difficulty ™ obtaining a surface polished in the same manner, it may 
be well to state the exact mode of polishing the surface. 

That the crystal might be polished under the same conditions of 
pressure, a rectangular block al lead was cemented to the crystal. In 
polishing especial care was taken not to press on the crystal down¬ 
wards, but to axerdae only lateral pressure. The crystal was first 
p ol ished with emery- on a plate of glass which had been rendered 
plane I7 grinding on a slate. The emery was prepared as foUows: 
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tome rety fine emery mu toatiered over a tnb of water aad allowed 
to aettle; after staading for a namber of minatea, the liquid waa 
poured off, and the aediment, whiob waa deposited on standing for a 
further number of minutea, waa preserved for use. Five kinds of 
emery were naed, via. 

Stood 1 minute, deposited in 5 minutes. 

.. S „ 15 „ 

„ 15 „ 30 „ 

„ 80 „ 2^ hours. 

„ 2 hours „ 40 „ 

The crystal was polished about twenty minutes with each kind in 
a perfectly quiet room to avoid dust being deposited on the glass and 
oauaing flecks in the crystal. 

Next a bed of refined pitch waa prepared having its upper surface 
perfectly plane. Upon this the crystal was polished with ronge for 
about three hours. Finally, the surface was carefully cleaned by 
washing it in a stream of water. 

YII. BxperimftUg made with the tame Faee Polished. 

The screens were carefully set in their places, and by means of 
these the crystal was fixed in the same position as formerly by the 
method described towards the end of Section III. Then the obeorva- 
tiona recorded in Table III were taken consecutively. 


Table III.—Observations with a Polished Face. 
Mean Temp. 14 SS" C. 



r'. 

1*. 

B'. 

B. 

(r'-r). 

(B'-B). 


91-196" 

4-618“ 

168 714" 

61 798" 

86 688" 

01-916* 


91-089 

4-408 

168-618 

61 986 

86-687 

91-676 


00-860 

4-886 

163 646 

61 954 

86-481 

91 691 ; 


91-048 

4-886 

168-781 

68-168 

86 788 

91 -618 


91-IM 

4-104 

163 889 

08-096 

86 968 

91-184 


90-871 

4 400 

168-406 

61 969 

86-471 

91-487 


91-008 

4 189 

163-876 

62-096 

86-819 

91-281 


90-884 

4-106 

168-637 

68 110 

86-718 

91-687 


91 090 

4-191 

168 466 

68 844 

80 889 

91-2*1 


91-244 

4-001 

168-680 

68-887 

87-188 

91-888 


91-066 

4-118 

168-786 

62 896 

86-948 

91-441 


90-907 

4-084 

168-410 

68-800 

86-888 

91-810 

Msans.. 

91-080 

4 800 

168 644 

68-096 

86-769 1 

91-446 
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TKUelT. 


1 

ICesni., 

- 

tsnv. 

I. 

. , 

1 24 9 

1 26 7 

1 24-2 
IMS 

1 24 4 

1 86 8 

1 27 4 

1 27 8 

1 27 8 

1 14 6 

1 20 8 

1 28 1 

0 02470 
0-08498 

0 02741 

0 02488 

0 02466 

0 02816 

0 02648 

0 02587 

0 02666 
0-02168 

0 02348 

0 02666 

107 766* 
107-774 

107 740 

107 079 

107 662 
107-687 

107 786 

107 878 

107 665 
107-908 

106 015 
107-80(1 

1 26 6 

0 02616 

107-810 


Taking from Table III the mean valoea of B'—B. r, we have— 


omSw — 


■in 86-769 
•m dl-449 


= o-9d8raL 


Thai w aes V 26 6\ and we obtain for the valoee at the qnantides, 
whioh we aas ■eeking in order to determine the nature of the polariaed 
light, 

tan w = 0-02520, 1 = 107’819^ 

Comparing them valnee with those fbrmerljr obtained whioh follow 
Table II, we see that the effect of polishing is to oanse a small 
alteration of the ratio of the axes and in the inclination of the major 
axis of tile etlipse. Thus the ratio of the axes has been changed from 
0-03346 to 002520, while the inclination has been changed from 
108 088” to 107*819'’, an alteration of abont 16'. These resnlts also 
■how that the reflected light is exceedingly nearly plane polarised. 

Again, the Tables Ill give for the snbsidiary quantity p. 


oos p 


tan 86 769 
tan 91-449 


-0-44808^ 


■o that P » 116” sr. 

The value of p obtained before polishing wan— 

P = 111” 14f. 

Theee Talnes are not the same, but thia has no bearing on the 
polishing, inasmuch as p is a constant of the instrument and is inde* 
pendent ^ the crystal. 
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In order to teat the tmth of the leenlta we heye emyed nt, a 
Ku»ra pram, the uimath of which ooold be reed off bj a divided 
mrole to 8, wae mounted on the aide of the table opposite to that on 
which the elliptio unalyBer was, m inch a position that, when the angle 
of incidence was the same as before, the hght was reflected along the 
tube containing the Nicol It was found that the light reflected 
from the snr&oe could be reduced to a minimum but could never be 
oompletelj eclipsed The mimmnm was very small but quite per¬ 
ceptible This might be due to the fact that the light was not homo¬ 
geneous But further experiments showed that, even with orange 
and ruby glasses there was a perceptible minimnm Next the mci- 
dence was increased and diminished in sncceMion by 5°, and the 
same result obtamed We, therefore, conclude as before, that the 
light was slightly elliptically polarised 

YUl Dttcmtwikaf ike, IktaniMnaiion qf tho Betardatum of tho Quarter 
Weme Plate 

We have now to inqmre mto the discrepancy of the values of p, 
which have been found before and after polishmg, vis —p = 111° 14' 
and p s 116° 37 

Now, oos ^ IS the ratio of the tangents of two angles, one of which 
u very nearly 90° Consequently, a very small error m this lost 
angle will prince a considerable change in the value of cos ^ We 
therefore come to this oonclusion, that it is not a good plan to deter- 
mme the instrumental constant p by reflexion from Iceland spar, 
because the light reflected is so slightly elhptioally polarised To 
determine more accurately the value of ^ a steel plate was substi¬ 
tuted for the oiystal At flrst, white light was used as before, but 
the image was fbund to be strongly coloured The diflerenoe m 
readings for blue and red rays was several degrees After trying a 
spectroscope and coloured passes, a ruby glass was selected as the 
bMt Then the observations recorded m Table Y were made 

Table Y —Observations with a Steel Plate Mean Temp 17° 0. 
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Table VI. 



tan w. 

ootp. 

P. 

I. 

39 6 

17 4S 0 

17 62 0 

17 67 0 

17 48 6 

17 60 6 

17 62 0 

17 88 6 

0 8184 

0 8106 

0 3228 

0 8239 

0 8806 

0 8218 

0 8224 

0 3181 

0 14696 

0 14063 

0 14797 

0 16006 
0-14814 

0 14768 

0 les-is 
0-14999 

si 86 

81 66 

81 80 

81 22 

81 29 

81 80 

81 10 

81 22 

47 296° 

40 988 

47 007 

47 182 

47 232 

47 118 

47 424 

47 817 


From Table V we may find with what accuracy we can work with 
the elliptic analyser. 

The greatest difference between the mean and a single obeervation 
is O'OOS, BO that the error of determination of tan w is leas than a per¬ 
centage. The mean value of I is 47‘188“, and the greatest error 0'236“ 
or 14'. The mean valne of f is 81* 29', and the greatest error is some¬ 
what less than 26'. Let d be the space retardation measured in air 
for wave-length X, then— 

p a 2ird/X. 

Thus the error in the determination of p expressed in wave-lengths 
^ “ 360 “ 21600 “ 831 

As in the experiments tan w a 0 3209, this is very nearly the case 
in which the aoouraoy of the analyser has been determined by Pro¬ 
fessor Stokes. The present results agree well with his limits of 
accuracy. 

“ The mean error of single observations amounted to about in 
the determination of the asimuth of the principal axis, about three or 
four thousandths in the ratio of the minor to tho major axis, and a 
little more than a thousandth part of an undulation in the determina¬ 
tion of p ”• 

We notice that in the mode of expressing p in degrees an error will 
be made more apparent, for the formula p = ZwdjX shows that tiia 
space retardation is divided by the small quantity X. Thus, express¬ 
ing the difference fi” between the two sets of observations in wave¬ 
lengths, we find that the error of determination of p it only about 
1 | per cent, of a wave-length. 

s <FhiL](H./voLS,l»l- 
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RefiMion of Light from Jetbmd Spar, 

The ralTie of r which haa been determined is for red light, whereas 
the experiments made on the crystal face were performed with white 
light. It was not possible to determine p acoarately for blno rays, as 
a bine glass absorbed too much light We cannot, therefore, employ 
the valne of p as determined by tho steel plate to aocnrately correct 
the observations made with the crystal. Nevertheless, lot ns see what 
the efTeot of the anbatitution will be. 


and 


_ am (r'—r) 

' “ sin (B'-B/ 


OOfl p = 


tan (f'-r) 
tan (E'-Bj‘ 


Since p is snpposed known, eliminate the smaller qnantity B'—B, and 
we find 

Bin 2*r = 008 (f'-r) sin />.(A.) 

This formnla shows that if there be any change in tho ratio of the 
axes there mnst be a change in the valne of /—r. Looking at the 
Tables I, III, we see there is snoh a change. 

Using the last written formnla and the mean valnos of f'-r from 
Tables I, III, we find that for a natnral face 


and for the polished face 


tan w = 0-02789. 

Thns, even when the valne of p for red light as determined by the 
stoel plate is used, we find that the numerical resnits mdicate that the 
character of the cWige produced by polishing remains the same. 

In the cose of the natural face, taking 12 observations of r'—r from 
Table I, the greatest deviation from the mean is less than O', leading 
by formula A to a deviation fbom the mean of less than 5 per cent. 
In the case of the polished face, the greatest deviation will be, aooord- 
ing to Table III, about 10 per cent. 

The value of /> haa been determined for only one colour, and conse¬ 
quently we cannot calculate its valne accurately for light of mean wave¬ 
length, so as to be able to compare the valne of p obtained from the 
steel plate with the value of p obtained from observations with the 
crystal. Let us, however, examine in a general way what the effect 
of ohange of wave-length on the value of p is. 

liet t be the thickness of the selenite plate, Me !•>'• the ordinaiy and 
astraordinary indices for a line a of the spectrum. 
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Tlwn P. “ 

and for a line y, ^ «= 

OonMqnently, S' = ^ 

Pm h P*—plm 

]^ow \ deoreasefl from the linee A to E, and Tariea by oonridemblj 
over 30 per cent. The vanatioos in the difference ;t—are very 
much less if any analogy holds with Iceland spar and quarts, for 
which the variation is leas than 4 per cent.* Bo^ eanses tend to in- 
oreaae /> as the wave-length diminishes. Thna, somewhere about D 
the retardation is 90°, and will approximate to the value derived from 
Table I for white light, as we approach E. 

This diaonssion shows os that while the steel plate affords a more 
accurate means of determining for light of given refrangibility, yet 
/I is to a large extent a purely instrumental constant, such that its 
value has no effect on the eharaeter of the results, and, when we oon> 
aider that white light was used in the previous experiments, the value 
of p determined by Tables I, III, would seem to be confirmed by the 
steel plate observations. We therefore accept the results of TaMea I 
—ly as determining the alteration in the polarisation of the refieoted 
light. 

IX. Statement of BetuUe, 

The results of Tables I—lY are brought together in Table VII for 
the sake of future reference and comparison, so as to exhibit a synop¬ 
tical view of the final result up to this stage of the work. 


Table VIL 



tanv. 

I. 

1st Angle. 

Sod Ani^e. 

Bffore polishing .. 
After polishing .. 

0 03346 

0 08817 

108 088” 
107’819 

1<S6 h ^ 

108 6 87 

74 M ^ 

74 88 44 

Bifferenoe 

-0 00888 

-18'8" 1 

-68 

+ 9 


X. VariatuHKf Burfaee State of a PoHiked Oryeial with the Time. 

It is a point of importance to determine if the state of the snrfaoe 
of a poliehed crystal is so permanent that it doea not alter with the 

* Budberg, ‘ Poggendoiff, .tnnslsa,* rd. lAp> OlaMbnwk, * PbiL Timas,/ 1879. 
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ihna, loT«tlierwiM fhe CKperimenta nmda -wtmld not luiva voy great 
value unhae the tune elapeed ainoe polialuqg were apeoified. I found 
that preceding experimentera had made inreatigationa on thia point 
in regard to a few bodiea, and had oome to the oonolnaion that the 
aurface did not alter with the time. Than Seebeolc found anoh a re* 
ault for aome glaaa eKperimanted upon,* and Sir John Conroy haa 
proved that in the oaae of metallto anrfaoea the surface state is a 
foirlj permanent one, not being destroyed by contact with a liqnid or 
a considerable amount of rubbing with a oh^ois leather.f It there¬ 
fore naturally oocntred to me to examine this qnestbn for loeland 
spur. 

For this purpose a simple analyser consisting of a Nicol and a 
graduated oircle was set np on the aide of the table opposite to the 
elliptio analyser, and placed in such a position that the light cenld be 
lednoed to a minimum. The observations taken are recorded iu 
Table VUI. 


Table VIIL 


Ikta. 

Traop. 

No of 
rradmgi 

Mean reading 
of lit vernier 

Mean reading 
of tnd vernier 

Mean of 
vemieis. 

Dee. 8-11 

9*60 

40 

2*1 lo' 9 

201 20 6 

lil 16-7 

Jui.20.. 

9 7 

60 

21 11 76 1 

201 21 6 

111 16-68 


9-8 

60 

21 11 08 

201 20 8 

111 16-18 


Thus there is in the period of aix weeks no time variation of a 
fwfifAsd surface, for the diSorenoes between the means are quite 
within the limits of experimental error. Also this result is confirmed 
ly tilie general character of the observations made with the elbptio 
analyser, which often extended over some weeks, during whioh no 
ohange was noticed. 

XI. Variation of Svrfaeo State of a Pdiihed Oryrial with. Ohange of 
Temperature. 

An attempt was made to secure greater acouiaoy by altering the 
arrangement of the parts of the elliptio analyser. For thia purpose 
the screw fixing the vertioal stem was loosened, and the circular rim 
totated through two right ugles about the stem as axis The Niool 
was unscrewed firom its collar, and the cell containing the quarter 
wave plate from the disk. The quarter wave plate was now oon* 
MOted with the collar and tiie Kicol with the diidc. In thia mode of 


* ‘ Foftgendorff, Annalen,’ vol 20. 
t 'Boy.Boo. Pwo.,' vol », 1881. 
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•rnuigeineiit, therefore, the Nieol movm in aaimnth, oenjlhg 4b» 
qoarter wave plate with it, while the quarter ware plate has likewise 
an independent motion in aaimath. 

After taking 700 readings 1 became convinced that the aconracy of 
this mode of using the analyser was lees than previonsly. A snlv 
sequent investigation of the theory, made by tracing tho surface loons 
of a point whose coordinates represented the intensity of the traia- 
mitted light, and the asimnths of the Niool and quarter wave plate, 
seemed to confirm this conolnuon 

It is well known that in the case of some bodies the application of 
heat considerably inflnenoes tbo mode in which they reflect light. 
Thns, in the case of flmt glass, Sir David Brewster produced as great 
an alteration as 9* in the polarising angle by varying the temperature.* 
To test tho alteration in the case of Iceland spar, a small tray fllled 
aith ice was placed on the top of the crystal, all the rest of the appa¬ 
ratus being carefully protected, especially the woodwork. I fonnd 
that, leaving the quarter wave plate and Niool nntonohed, no per- 
reptible effect was produced by lowering the tempeiatnre of the 
crystal 8*, and also that no differenoe could be detected when observa¬ 
tions were taken. I oonclnde that in the ease of Iceland spar for 
moderate ranges the efibot of temperature is insensible. 

XII Nev 8erie$ of Obtervaiiont. 

Since the change in the mode of using the elliptic analyser de¬ 
scribed in the last section had diminished the aconraoy of the obser¬ 
vations, it was considered best to revert to the original arrangement 
of the parts of the analyser. The instrument was theieforo reversed 
The screw which fixed the stem of the analyser was unloosened, and 
the disk rotated throngh two right angles about the stem as axi;. The 
tube was set to point in the name direction as before by means of the 
diaphragms and soreens. The quarter wave plate was nnsorewed 
from the collar and the Niool from the disk. The quarter wave 
plate was now oonneoted with the disk and tho Niool with the ooUar. 
Thns the arrangement of the parts of the analyser was now exactly 
like that described in Section II. 

Since the quarter wave plate haa been nnsorewed, we must no 
longer expect the values of I to be the same as in Table IV. There 
will be a constant dififerenoe between the preceding aeries of valaes 
and those which follow, heoanse the arbitrary sero from whiok I is 
measured is now changed. For theee reasons it is neoessaty to take 
a new set of observations to serve as a standard of referanoe. 

Sir John Conroy has attempted to determine the effect of ynKtil'lwg 
a oiyital of loelaad spar by observing with a simple analjaer the 


• ‘PhO. Trans.,’1U5, 
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light of a lamp reflected (Vom the sarfluje immersed in water.* With 
a view to a oomparison of mj own work with his resalts, a second 
Aigaad homer was placed oloso to the former. The brass table was 
undamped and rotated till the face of the crystal was in sooli a posU 
tifm that the incident light was reflected to the opposite side of the 
table to that on which the elliptic analyser was placed. The reflected 
Ught was obserred with a simple analyser consisting of a Niool, the 
aaimnth of which could bo determined by means of a divided oirde 
and verniers to 3'. 

The observations made wliii the elliptic and simple analysers are 
given in Tables IX and X respectively. 


Table IX.—Second Series of Observations with tho same Polished 


Face (Elliptic Analyser) 



Table X.—Second Scries of Observations with tho si 


Face (Simple Analyser). 



Mean of ten 

Mean of ten 


readings of 

readings ot 


lit vernier 

Snd vernier 


sfa s'o 

1?6 la's 


85S 67-4 

176 6 1 


866 68-4 

176 8 2 


866 8-9 

176 18 1 


366 69*4 

176 8 6 

Mean .. 

866 0 88 

176 O'Te 

MyapnflOO- 

- setf’S-a'- 


VOL. XLII. 


• ‘ Boy. 800 . Proc.,’ Feb., 1886. 
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Taking tbs mean valaoi of r', r, B', B from Tablo IX, the ellipUo 
analjrier gtTM 


008 2w 


sin (r'—r) _ sin 93*840 
S^(B'-B)“ sin 91*380 


= 0*998591, 


w honeo v = 1° 31 2', and we have for the valnes of the qnaatiti^ 
which fully determine the nature of the reflected light 

tan «• = 0 02625, and I = 87*654°. 


The previous oxperimonta, the results of which are recorded in 
Tablo VII, give 

tan * = 0 02517, and I = 107 819° 

The reason of the difference of the values of I is the change of the 
index error. In order to comparo the values of I found in a subse¬ 
quent part of the paper with those already obtained, we must there¬ 
fore subtract 20*165°. The changes in tau w may bo ascribed to two 
causes—error in resetting the instmnient so that it was not exactly in 
its former posiliou, and error of experiment. It should bo noted that 
the difierence produced by the reversal of the instrument is not at all 
comparable with the diflcrenco produced by polishing. 

In the cose of the readings taken with the simple analyser, the 
moan reading will correspond to the asimuth of the major axis of the 
ellipse, determined by the elliptic analyser. Thus from Table X 

r = •266° 5*3' 


XIII Determination of the Effect of Botation of the CryeUd Ffice in 
ite own Plane, 

It was suggested that the sotting cf the crystal was such ns to 
allow a rotation of the face in its own plane, which might possibly bo 
the cause of the differences hitherto observed. A wedge of 4” 27' 
angle was constructed, and upon this the crystal was placed. So 
delicate was the mode of setting by screens that, even with the labour 
of hours, I was unable to turn the crystal into such a position that 
the reflected ray emerged through the pinholes. 1 therefore took a 
thin sheet of paper and gently wore its surface away so as to obtun 
a fine wedge which was drawn under a comer of the crystal. By this 
means the reflected ray with some trouble was rendered visible. The 
observations are divided in the following table into sets of two or 
three. Each set was taken after the crystal had been taken off the 
wedge and replaced upon it in position by means of the screens. By 
this moans the accuraoy of setting can be judged. 
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Table XI.—ObBerrations with Poliahed Face 
r'. Heanr'. r. Meanr. B' MeanB'. B Mean B. 
isr-120° 43-OGff‘ 133 041“ 41621” 

187-404 42-727 133 269 41-810 

187-867 43-080 183-421 41 636 

187-207“ 13-052“ 133 214“ 41 4.02" 

t 137-807 43 101 183 331 41 566 

187-076 42-876 183-267 41 332 

137-242 43 062 133 135 41 471 

187-206 48-014 133 244 41-464 

137 031 43-280 133 121 41 G17 

137 401 43 007 133-656 41 715 

137 8S«) 43 009 133 465 11 479 

137-266 43-132 133*377 41-613 

187-166 42-890 133-036 41-366 

187-882 42 -084 138 UOO 41-281 

137-268 42 987 138 017 41-20H 

137-846 43 0-10 133-441 41-621 

137 -266 43 -OOl 133 200 41 812 

187-426 42-021 133 310 41 462 

137-342 43-017 183 358 41 6*28 

187-106 43 400 183-486 41 869 

137-047 43 257 133-474 41 010 

186 860 43 147 138 338 42 054 

137*014 43-166 183*626 42 127 

137 080 43-847 138 602 41 -712 

187-155 43 124 133 250 41 540 

137 264 43-056 133-881 41-886 

137-078 43-214 183-430 41 872 

137-667 42 800 138*612 42 048 

136- 954 42 038 188 489 41 665 

137 -020 42-821 183 .306 41 834 

186 -002 42 -977 133 -410 41 607 

* 187 -064 43 104 133 22S 41 681 

136*730 42-860 183 124 41 704 

137- 046 42-781 183*266 41-424 

137 179 42 896 183 -216 41 719 

187 006 43-076 183*217 41-636 

137 078 42 912 138 826 41 *712 

The mean of the 9G0 observationa of Table XI givee— 

r'3= 137-168°, r = 43-031°, 

R' = 133-321°, R = 41 656°. 

Thna 1 = 87488°. 

Bnt Table IX gives for the mean value of I— 

1 = 87654°, 

a diiferenoo from the above of 0*16(; 
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Table VII ihowi ns that the oSeotof poluhing ie to deoreaae I from 
108‘068° to 107'819‘, a diminniion of 0*269°. Since then a rotation of 
4* 27'prodnoes an increaae of 0*166; to produce an effect eqnal to that 
of potiahing rotation, the oiyatal face wonld have to be rotated in 
ita own plane 8°. No anoh error of Betting was posaible. 

Again, 

r'-r = 94137", and R'-B = 91*665". 


The last reading is of an altogether different magnitnde to what 
has hitherto occurred. 

A template was conatmcted and need in future obeervations to test 
the accuracy of setting. It was found that the setting by the screens 
was always correct on afterwards being examined by the template, 
and when it was out of adjustment by the screens the template did 
not fit. These three grounds seem to be more than sufficient for the 
rejection of the hypothesis of a rotation of the crystal face in ita own 
plane. 

It may bo of some interest to calculate the value of the change in 
the ratio of the axes produced by a rotation of 4° 27'. We therefore 
calculate it— 


Thus 


cos 2w 


sin 94*137 
Bin 91666’ 


whenoc w = 1® 63 6', 

and tan w = 0 08305. 


The value before rotation was 


tan w = 0*02655. 


XIV. Deirnnihation of (ho Effect of Bepolithing the tame Face iff the 
Orytial. Invettitfation of the Errort of Meant of a Sonet of Obter- 
vationi toiih an EUiptio or Simple Anaiyter. Oompariton of (he 
Relative Accuracy of the EUiptie and Simple Analyien. 

Much of the value of the observations on polishing must depend 
on the fact whether the crystal can be polished in the same manner, 
that is, polished and repolished so as to obtain the same results. The 
crystal was, therefore, submitted to the same process of polishing as 
has been described already in Section YI. The observations with the 
same face thus repolished are recorded in Table XII. 
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Table XII —Obeea^tioiu with eBepohahed Face (EUiptio Analyaer) 

Mean Mean Mean Mean Mean 

fr'rrBBllB 1 

jTo 1 186 SStf’ 43 2&6‘’ 188 879'’ 42 036'’ 

l*^ 846 43 276 138 266 41 680 

136 664 43 177 138 668 42 061 

186 701 43 000 188 478 41 916 

136 884 43 146 188 372 41 041 

186 610 43 370 183 678 41 77J 

136 466 43 326 133 180 42 Uol 

136 007 43 G8a 133 476 41 87e 

136 941 43 2J1 113 20J 41 JTO 

186 872 43 4flr 113 626 42 217 

186 846 43 214 131 65J 41 tTB 

136 841 43 267 188 486 41 277 

136 737“ 43 280“ 183 601“ 41 961 87 72b“ 

Bo 2 187 080 43 196 133 362 41 600 

136 706 43 305 113 228 42 Oel 

136 866 48 611 118 460 48 316 

186 770 48 227 122 869 41 832 

136 731 48 064 133 610 41 791 

136 976 43 267 183 628 41 892 

186 819 43 12f 183 277 41 949 

116 706 43 176 183 049 41 864 

136 890 48 290 133 402 41 836 

186 694 43 338 133 648 48 OSO 

136 681 48 677 133 401 42 166 

186 604 48 670 183 221 41 989 

186 787 43 811 138 881 41 962 87 086 

Ho 3 186 589 43 662 133 811 42 301 

136 722 43 899 183 780 42 044 

18( 706 42 967 133 687 48 106 

136 667 48 408 133 467 42 166 

136 782 48 121 183 676 42 306 

186 686 48 446 133 686 41 867 

186 860 43 800 188 269 41 937 

187 091 42 435 138 326 41 719 

186 740 43 329 188 486 42 062 

186 824 48 884 188 410 42 064 

186 774 43 806 133 487 41 972 

186 678 48 416 188 887 41 876 

ISO 744 43 826 138 461 42 039 87 760 

Ho 4. 186 778 48 640 188 290 41 894 

186 929 48 174 188 642 41 936 

186 782 48 889 188 414 41 987 

186 646 48 667 188 666 41 900 

fori 

1280 tMd t 186 766 48 820 138 440 41 976 87 711 

“8» J 
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Tlie olMorrations in Table Xll made with theWipt^io analyser are 
divided into sots of 12, for onr object is not only tP determine what is 
the change produced by repolishing, but also to di^^er the error of 
a mean of 12 seta of obscrvatioiia with a view to fiTfing the aconnu^ 
of working with the elliptic analyser, and also thP errors of tho 
means of the sets of observations recorded in Tablet I — IV. For 
convenience of comparison tho moans are exhibited tc^^er in 
Table XHI ' 


Table XIII.—Tho Moans of Observations with a Bepolished Face 
(Elliptic Analyser) 


No. 1.. 
No. a.. 
No 3.. 

Mean., 

r'-r. 

B'-B 

itn (r'-r) 

«n(B'-B) 

coo Or. 

- 

tanw. 

03 UH 
03 47G 
93 418 

01 GGO 
01 -420 
01 -432 

91 407 

0 098190 
0-99H160 

0 008321 

0 099034 

0 000689 
0-090602 

0 0085R5 
0 OOS471 
0-008fi29 

f 32 41 

1 86 07 

1 83 26 

0 02689 
0 02768 
0-02713 

93 417 

0 908100 

0-090672 

0 008C18 

1 38-67 

0 02723 


Wo now proceed to consider the acunracy of the sets of obsor* 
vations with tho elliptic analyser Table XIII shows that tho 
greatest deviation of a single set of 12 observations from tho mean 
is less than 1‘6 per cent, for tho ratio of the axes. The best set 
differs from tho mean by under ^ per cent Again, Table XII shows 
that the greatest deviation from tho mean for 1 is 0'04C° or under 'i', 
whereas the least deviation from the moan is nnder 1'. Wo take, 
then, tho upper limits as the errors of observations. Let ns now 
consider the effect produced by rcpolisbing. Before repolishing, tho 
calculation following Table IX shows that— 

tan w = 00265.') 

After repolishing. Table XIII shows that— 
tan w = 0 02723. 

Tho difference between the two values of tanw is 2| percent., 
which may bo covered by the limits of errors of observation. 

Again, before repoliahing— 

I = sr-esi." 

After repolishing. Table XII shows that— 

1 = 87-712*. 

There is thns a differenoo of 0*0.58° or 3-48', which is covered by the 
limits of errors of observation. 
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A^m, Table VII shows that the effect of the first polishing was to 
diminuh I from 108 088* to 107 819*, a diminution of 0 269”, bat the 
effect of the second polishing has been to increaee I from 87 654” to 
87 712”, an tn rcoee of 0 058° Thus the effect of the polishings has 
not been onmnlatiTe so as to causa the original deviation of polishing 
to increase still fnithoi on second polishing On the contrary, I has 
approached by a small quantity the valno it would have for a natural 
face Tho mfeionce may be diawn that the first }>oliBhing produced 
all the effect that polishing can bung about, and that tho second 
polishing differs from the first by a quantity whirh theie is some 
ground for regarding as an error of experiment but if this is so, it 
may be thought that the valuta of tan w the second independent test 
of a change in the reflected light should also alter in tho same manner 
tnd sense as those of I have d mo 

Now 1 able VII shoas that tho effect of polishing is to diminuh 
tan w fiom 0 0Ut5 to 002517 a diminution of 0 00828 Table XIII 
and tho calculation followmg Table IX show that tho effect of re 
Dolishing IS to cause tanvti tnereoke from 0 026'>5 to 0 02723 an 
of 0 00008 Thus tanw changes sympathetically with I 

In Tabic XIV arc contained the n suits of tho observations made 
with the simple analyser, and we have first to investigate tho limits 
of accuracy lu regard to single observations there can be no doubt 
of the cometness of Sir John Conroys observation that in order 
to obtain nceuiate results with obsei vationb of this kind, it is neces 
sary to make a largo numbor of obsoivations, and to take thou mean • 
Thus in Table XIV the means of tens of readings are rocoidod, and 
for pui poses of eomparison the means of fifties are tnbnlatod 

Table XIV —Obeorvations with a Bepolisbed Face (Simple 
Analyser) 

Moani Mmm 

of ten 

reading* Mean* noding* Means Means 

of 1st of 60 ofZnl of 60 of 100 

vernier vormer 

No 1 d60 62 2 170” 1 2 

366 60 1 176 69 1 

366 67 7 176 5 8 

866 40 0 176 60 8 

866 61 0 170 0 7 

866*62 8 170° 1 2 206*50 8 

865 60 6 l?b 0 1 

866 68 6 17b 1 6 

865 68 8 176 7 8 

866 61 9 178 4 6 

866 60 6 176 80 6 

866 66 8 176 8 0 266 60 0 

• Boy Soo Prac Feb, 1886 
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No. 3.. 


No. 4.. 


Na6. 


Table XIV— eontinuad. 

Mnni Meant 

of ten of ten 

readingt Meant nadinn 
of lat ot 60 of Sncf 

176® 68 6' 

176 6 6 


866® 49 6' 
366 66 8 
366 46 -0 
366 61-7 
366 61-6 


176 64 0 
176 0 1 
176 0-6 
I 

176 S 3 
176 0-6 
176 68-7 
176 69 -4 
176 66-8 

176 0-3 
176 4-4 
176 0*8 
176 10-8 
176 4 0 


Meant 
of 60. 


176° O-O* 


176 68 -6 


176 4*06 
Mean of 600 


(rfloo! 


266® 66 -6 


265 66 0 


266 69-6 
265 67 28 


366* 51 1 
366 63-8 
366 61-7 

865 49 7 
366 60-6 

866 46-6 

366 60-6 
366 GO 8 
366 64 9 
366 61 8 
366 2-4 
366 64 6 

365 64 9 


The TVBulte in Table XTV show a ffroatcst error of 2 .S2' from the 
moan for a 100 readings, and of about 4' for 10. Before polishing 
the value of I as given by Table X is— 

1' = 206” 5-3'. 

A.fter polishing, Table XIV gives— 

r = 265* 57-28'. 


There is thus a difference of 6'. This is covered by the larger 
limit above, but not by the lotrer. This is not surprising when the 
errors and fluotuations of single observations are taken into account, 
and also the number of observations. 

The pandlelism of the polished and repolisbed faces was tested by 
means of the lines drawn round the sides. As these lines gave no 
perceptible inclination, it did not seem worth while to measure the 
angles with a spectrometer, since the differences caused by repolishing 
are so small. 

Thus, we come to the conclusion that the repolishing produced 
little, if any, alteration in the nature of the reflected light, and that 
this alteration is very small compared with the change produced by 
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po Bdiiii g a nainnl fue. Abo, tbb infonmee u anpported by two 
data an regards the elliptio analyser, and by the resnlto obtained with 
the simple analyser. 

Sir John Conroy* has come to a different oonolnsion. ** It did not 
seem worth while to make any farther experiments with artificial 
surfaces, as it seemed certain the results would be untrustworthy.” 

Conroy’s experiments wore made with the surface immersed in 
water to secure a greater rotation. I am not sure that the greater 
rotation would compensate for the loss of hght which must ensue 
when refiexion takes place at the surface of two media of nearly the 
same density and ref^Hve index. 

Another cause of error has been indicated by Conroy. There was 
some uncertainty whether the face was polished parallel to itself. 
Though it would mot altogether account for the large changes 
observed Conroy, yet I found in the case of a crystal, with which I 
performed a first sot of oxperiments for two months, that a peroep* 
tible alteration of the inclination of the face was suffiment to reduce 
the olliptioally pobrised hght to pbne polarised. Thus as regards 
my own experiments such a change of inclination would have been 
quito fatal, and I abandoned the oiystal. 

There is another point which is worthy of attention An extreme 
ill-luck seems to have be&llen those who have had their orystab 
polished by others. Thus Seebeokf found that in the case of a glass 
polbhed by an artbt thero was a difference of 28 5', but that he 
himself could polish it so that the difference was only 2'9’. I think 
most likely this may be the probable cause of the large alterations 
observed by Sir J. Conroy 

XY ExpenmenU mth a Cleavage Face parallel to the Uepoliehed Faee. 

To make the whole series of experiments as conclusive as possible, 1 
now attempted to make a senes of experiments with a natural face as 
at the bejpnnmg of the paper. Unfortunately the crystal did not 
cleave veiy readily. In splitting the base of the crystal came into two 
or three pieces, which were fixed on to it again as aocnmtely as 
posBiUe in their former position. As the sides of the crystal also come 
(^, the inolinataon of the face to the repolished face could not be deter- • 
mined. There was some doubt as to whether the face of the crystal 
was in the same absolute position. The snrfime was not very good, 
being somewhat broken, and as the refiexion took place from a part 
of the crystal nearer an edge, it had to be placed so much on one side 
of the brass table that tho template could not be used. Then the 
(Aserrations recorded in Tabb XY were taken, 

• <Bo7.floo.Frao.,’ff«b.,16ea 
t ‘Poggsndorfl, Annslen,’ voL 80 
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Tebb XV —S«oond Senea of Obaenretiona wttk « Notoral Faoe 



r 

- 

V 

B 


187 090” 

186 93S 

187 105 

136 819 

137 046 
ise 881 

130 040 

187 916 

186 000 

186 781 

136 961 

187 089 

48 

48 604 

43 016 

4J 039 

42 406 

42 74t 

42 090 

42 674 

42 071 i 

43 7fc7 

42 701 

43 030 

181 2'i0” 

133 974 

183 889 

133 904 

131 303 

181 835 

133 761 

181 091 

183 991 

134 317 

131 337 

131 38lf 

48 689° 

49 539 

43 404 

43 681 

49 510 

42 662 

48 0(>4 

43 55(1 

43 710 

49 630 

43 016 

42 61'> 

Mmoi . 

186 974 

42 835 

184 199 

43 594 


Thiu we find thni I = 88 358*, 


We have now to oompare theRO results wtth those reoorded in 
Table VII, taken some fifteen months prevtoosly Originally we 
had- 

tan w sa 0 03345 
whereas tho present value is— 


The agreement is yeiy dose, and, as might he expected from a com 
pu-ison of Table VII with the resnlts of Table IX, tho latter number 
is somewhat larger than the former on account of the resetting of tho 
instrument Again, the first senes of obseryations show tbat tho 
effect of polishing was according to Table VII to change 1 from 
108 088° to lOr 819", a decrease of 0 269°, whereas the second senes of 
experiments show that the result of repoluhing has been aooordmg to 
Tables XU and XV to change Ifrom 88 358” to 87 712°, a decrease of 
0 643° This result is oorreot as regards sense, but not so satufactory 
as regards msgmtnde It must, howerer, be remembered that the 
breaking up of the base of the oiystal wogld most probably have an 
inflnenoe on the value of I, 

We are now in a position to sum up the results of this investiga* 
turn The prooess joi poliahmg a natural face of a crystal of Iceland 
spar with emeiy and rouge does most oertamly alter the state of the 
si*fiMe This alteration is evinced by a change both in the ratio of 
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the axea and in the uimnth of the major axis of the elliptio dly 
polarised light, and xras observed ih the ease of two different oiystala 
which were made the subject of experiment. 

Sinoe the light reflected from the surface of the crystal is exceedingly 
nearly plane polarised, the ubsolnte value of the change in the ratio of 
the axes is small; bat the relativo change is considorable, for tan w is 
altered by polishing from 0 0334 to 0'()2>i2. Also the change in the 
aiimath of the major axis is not very large. 

As regards the distnrbmg canses, it is found that temperature and 
time do not cause any very perceptible alterations in the surface state 
of a polished orystul 

The experiments pcove a result unnoticed by Ftoebeck, that an 
emery-rouge poluliod surface gives perfectly concordant results on 
repohsbing, and in this respect is quite as satisfactory as the chalk- 
polished surface rocommondeil by him. This conclusion is supported 
both by the elliptic and simple analysers. And in general the resnlts 
of the paper tend to confirm the views of Seebeok rather than those 
of Sir J. Conroy, for Seebook in his paper prefers polished surfaces 
because of the liability of the natural surface to tarnish. 

In conclusion, my best thanks are dno to Mr. Glazebrouk for his 
advice, and to Professor J. J. Thomson for placing at my disposal a 
room and apparatus in tlie Cavendish Laboratory. 


'• Further Experiments on the Distribution of Micro-organisms 
in Air (by Uease’s Method).” By Pkbot F. FuANKliAND, 
Ph.D., B.Sc., F.C.S., and T. G. Hart, A.R,S.M. (Communi¬ 
cated by Prof. Fkankland, D.G.Li., F.B.S. Received 
November 22,—Read December 9,1886. 

[Puts 3 J 

In a previous communication entitled “ The Distribution of Micro- 
organisms in Air,” a number of experiments have been recorded by 
one of ns on the relative abundance of microbes in the air of variona 
places and of the same place at different times. Tho numerical 
determination of the aerial micro-organisms in these experiments was 
made by means of Hesse’s apparatus, the method of using which was 
there fully described. Since the pnblioation of the above oxpeiimAnta 
we have been extending onr investigations by means of this method, 
and the resnlts which we have obtained form the subject of the a 
present oommnnioatiun. 

In addition to tiie determination of the number of mioro-organianu 

TOL. XLU. X 
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in » giren Tolnme of ur meana of EeaM’i prooeu, we hoTO alao, at 
before, determmed in each oaae Ute' number of microbes falling on a 
given horisontal area in nuit of time, by the exposure of small diabea 
containing sterile nutrient griatine, as previously desoribed. 

During the hot weather we have experienoed coneiderable difficulty 
iu working with Hesse's tubes, which are very liable to melt in 
transport and when exposed to the ann; to obviate this we have made 
a practice on hot days of surrounding the outer snifaoe of the tube 
with a coating of bibulous paper saturated with water, and this 
envelope was again covered with a coating of white tissue paper to 
prevent the former drying too rapidly. Owing to this preoantion 
we have sooroely ever lost a tube even on the warmest days. 

The greater number of our observations have been made on the 
roof of the Science Schools, South Kensington, which thus form a 
continuation of those already recorded. We have also made further 
expenmonw in Hyde Park, the Brompton Hospital for Consumption, ^ 
the Natnral Histoty Mnsenm, and in the garden of the latter 
closely adjoining the traffic in the Exhibition Bead, South Ken- 
ungton. 


1. Boof of Seienee SekooU, South Kmrington. 

The samples of air were here collected st a height of abont 60 feet 
above the ground in the manner previously described. The 
particulars of the experiments ore recorded in the following table 
(Table 1). 

These experiments, taken together with those already pnblished, 
form a continuons series, excepting a few breaks, from Jannaiy to the 
end of October of the present year, and serve to illustrate the changes 
which take place in the prevalence of aerial micro-organisms accord¬ 
ing to the seasons. 

In order to render these results more readily intelligible, we have 
also expressed them by means of a curve in the accompanying 
diagram (Plate S), in which the ordinates represent the number of 
micro-organisms fonnd in 10 litres of sir, whilst on the horisontal axis 
the dates ore marked off. Below, on the same diagram, the tempera¬ 
ture of the air at the time of experiment is recorded. 

From this diagram it will be seen that, although the number of 
micro-organisms in the air frequently undergoes great changes from 
one day to another, yet the general tendency is for the number to 
follow the temperature. Thus, on tiddng the average of the results 
obtained in eadi month, the following sequenoe is arrived at:— 
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ATMVft ■umber 

at ooknuM 


1888. 

Averaga tampwatiue 
at time of 
expenmenta. 

obtained from 10 litraa 
of air br 
n<aae'a method. 

January.... 

. 3-6" C. .. 

4 

March. 

. 69 

26 

May. 

. 134 

31 

June. 

. 202 

54 

July. 

. 23-6 

63 

August.... 


... 105 

September . 

. 12-9 

43 

October.... 

. 125 

35 


From tbe above it; vrill be seen tbat it is during^ tbe hottest 
months of the year—July and Angnat—thfti the largest number of 
mioro-^irganisms is present in the air. In September the number 
nndervent a great redaction, which i^as further continued in 
October. 


II. Experiments in Interior of BniUings. 

In Table No. II wo have recorded a unmber of experiments which 
wo haye made in the interior of buildings, vis., in the Hospital for 
Consumption, Brompton, in Burlington House, in tho Natural 
Histoiy Musonm, in the Chemical Laboratory of the Science Schools, 
South Kensington, as well as in a bam and cowhouse in the 
countsry. 

The results of the above experiments fully substantiate the previous 
observations made by one of us, that in the interior of buildings, dco., 
the number of otganisms present in the air ui almost wholly 
dependent upon whether the latter is in a disturbed state or not, and 
that when undisturbed the number is generally considerably less 
than in the open air, whilst in crowded rooms the number rises 
enormously. Thus in the Hospital for Consumption, when only a 
few persons were moving about the ward, the air was remarkably 
frae from microbes, the number inoressiiig somewhat when tUe 
number of people in the room increased, but even then the number 
fell very far short of that in the crowded rooms of the Royal Society 
during the oonversasiono, or in the Natural History Mosenm on Whit 
Monday, whilst the greatest number which we have ever recorded 
was found in a bam in which the operation of thrashing was going 
on, the number of micro-organisms falling on the square foot in 
one minute amounting there to upwards of 8000. 

ni. Miscellaneous Open-Air Experiments. 

In Table UI we have recorded the resnlts of some experiments 
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made in the open air at other places than the roof of the Science 
Schools. This table inclade8,in the first plsoo,‘a comparison between 
the number of micro-organisms present in the air of Hyde Park, the 
roof of the Science Schools, and the entrance to the latter in the 
Exhibition Road respootively, the experiments in these three places 
being all made on the same day It will be seen that tho air in Hyde 
Park contained mai-kedly less than either of the other two, and that 
the air in the Exhibition Road in which a large amount of traflic was 
going on at tho time was considenibly richer m micro-organisms than 
the air on the roof. 

Then follow several experiments mado in the garden of tho 
Natural History Museum in the immediate vicinity of the Exhibition 
Road. In every case, excepting one, this air was exceedingly rich in 
micro-organisms, as was to be anticipaU‘d; whilst on tho occasion 
when the number of organisms was small, tho wind, which was vfiry 
gentle, was not blowing from the road but over tho grass of the 
ganlon which was damp at the time 
The above experiments are intended to form a supplement to those 
alrca ly published by one of us, lu which the same method of invebtiga- 
tion WHS pursued. In tho course of these experiments wo have found 
that the results obtained with Hosso’s apparatus are liable to 
considerable inaccui'aoy when the laftor is employed in a disturbed 
atmosphere, more especially when the a<>rial currents are ii-regular in 
direction. This soni-ou of error has been fully discussed in another 
paper by one of ns, and a new methwl of oxomimug air for micro¬ 
organisms, in which this difficulty is overcome, has been devised and 
Its acjuracy carefully tested. 

[Note .—Since the communication of the above, we have completed 
the observations for November and December, with the following 
results 

Average number 
of coloniei 

Avenge tempmtun obtained from 10 litra 
at time of of airbr 

1886. expenmonti. Ueaao'i meUiod. 

November. 9*4’ C. 1.3 

December. 44 . 20 


March 5,1887.] 
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SreiTtliing dij with hard trout. 




282 On the Dieifibutton ef Mvsro-organmne tn Atr 


Number of 
micro organ am 
fall ng on 

1 boraootal 
«quai«foot 
pern note 



I 

1 t jl 

^lil 

s s 

gs 

iJL 

? OO 

ii 

11 11 
wa eo ^ 

li 

-a 

Conditiont of experiment 

11 

l! 

• g 

1? 

11 i 
till 

sli 1 
£•11 
«|l 1* 

I'^l 

O 

1 

i 

1 

t 

1 

Sate 1886 

§ 

” M M 

1 ^' ^ 

3 

js 









On Fhotphotutm Chlond*. 


888 


Apnl 21,1887 

Profeuor STOKES, D C L, Preaident, m tho Oh&tr 

The Preeenta reoeired were laid on the table, and thanks ordered 
(or them 

The following Papers were read — 

I “ On Phoeplionium Chloride ” By Sidney Skinneb, B A , 
Scholar of Chnst’e College* Cambndge Communicated by 
Professor Dewar, F R S Received Match 28, 1887 

At the close of an interesting paper in the ‘ Annales do Chimie,* 
vol 20, 1880, Ogier desonbes the preparation of the compound 
phosphoninm chloride When the two gases phosphine and hydro- 
ohlono acid are mixed at 14° C nnder atmospheric piessnre they do 
not combme, bat when the pressnre is raised to 20 atmospheres 
small crystals of the compound PH 4 CI form at the upper end of the 
tube At 26° C these crystals melt and tho liquid foimtd was shown 
by some later experiments of van t Hoff (‘ Deutsob Ohero Desell 
Ber,’ Jahrg 18, p 2088) to roach the onti(»l st%te about 50* Thu 
was the extent of our knowledge when the following oepenmonta 
Were begun with a view to examine more exactly this dissociable 
process, ( 1 ) in regard to its relations to temperature volume, and 
pressure, and to those of tho separate gases PH, and HCl (2) in 
regard to the thermal changes imolved in tho formation of the 
oomponnd 

Thu paper deals with the first part of the research only, bat owing 
to the interesting results which it contains there can be little 
hesitation in putting it forth 

Expenmenlt on Phovphonxum Chloride, 

Phosphine was pieparod by dropping strong potash solntioa on a 
nuxtnre of broken glass and phosphoninm iodide After leaving the 
flask in which thu operation was oondneted the gas passed through a 
tube oontaimng moist broken glass kept at the temperature of 
melting ice, and then through a drying tnbe of CaCl, and P,0, The 
gas was collected in tabes over mercury The hydiochlono acid gas 
was prepared from strong snlphnno aoid and ammoninm chloride 
To obtain a mixture of equal volnmos of these two gases, a pipette 
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was conatruoted ao that it could be filled to a oertain mark under 
atmoapherio preaanre and at the temperature of the room. This 
being filled alternately with PH, and HCl, waa diachai-ged into a large 
glasa tube. In thia way I prepared a miztnro of eqnal volumea of the 
two gaaea. Fart of this waa delivered into a Cailletet tube which waa 
set up in one of the iron bottles of a Cailletet pump; in the other 
bottle was placed a well tested air gange. 

The temperature of the tube was maintained constant by a vapour 
jacket of acetone, and altered by varying the pressure under which the 
liquid boiled. 

Observations were then taken for isothermals. The following, as 
naefnl for the present purpose, are extracted from those readings; the 
whole mass of the gas used being 18 0 o.o. at 0° and 760 mm. 


Tamp. 

Saturated vol. 

Praaiure 

7® .... 
13 .... 

... 0 ‘84 C.C. .... 

... 11 ‘ 6 atmospheres. 

... 19-8 

18 .... 

... 0*64 „ .... 

... 27-3 „ 

21 . 

... 0'47 „ . .. 

... 33-6 

24 . 

... 0'37 „ .... 

... 391 „ 

285.... 

... 0 276,, .... 

... 472 

46 . 

... 0-102„ .... 

.... 85>3 


The critical point of the liquid was observed at 48” C. and under 
95 atmospheres. 

The temperature at which the crystals are formed under one 
atmosphere pressuiC is given as —30® Ogier. 

The formation of these ciystals is evidently a dissociable one, for 
when the prossaro is removed they decompose into equal volumes of 
the separate gases The question whether any chemical combination 
takes place before the appearance of crystals is one we shall discuss 
when considering the saturated volume curve of PH,G1 in comparison 
with those of its constituents. 

Experiment! <m Phoephine. 

This gas, prepared and dried as before, was passed for some hours 
through a Cailletet tube from which the air had previously been 
displaced with carbonic acid gas. After careful sealing the tube was 
pla(«d in the iron bottle, and liquid was readily obtained at the 
ordinary temperatnie under a pressure of about 30 atmospheres. 

The critical state was reached with this liquid at 54* and 70'5 
atmospheres pressures; so that it is easily observed when the tube is 
heated with acetone vapour. It is interesting to compare this critical 
point with that of the niti«gen analogue, ammonia, which does not 
reach the critical state till 130* and 115 atmospheres pressure. This 
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ia an nnexpeoted reanlt, aa tha snbaiitntion of n leaa volatile element 
hoa the ^eot of raising the critioal temperature: thna for CO, 
evhioal tempwatnre ia 81*9* and for OS, 278". 

1 have idao noticed the formation of a orystalline hydrate of 
pboaphine when the gaa is liquefied in the presenoe of water. The 
liquid gaa floats on the surface of the water like benaene, and is 
aiijparently only slightly aolnhle. By suddenly inoreasing and 
deemaing the pressure the two liquids are mixed together, and after 
a short time a mass of oxyatals is formed. 

The following table gives the results of measurements of the 
saturated volume, maximum pressure, and liquid volume at different 
temperatures. 


Tnapemtnrs. 

Shunted 

Maximum 

loqnld volome. 

Ssniity of 
the liquid. 

i{* 

0 . 0 . 

atmoopborM. 

0.0. 

0*160 

0*408 

40 4, 

0*^ 

68*4 

0*164 

0*417 

44*4 

0*468 

66*1 

0*187 

0 469 

89*4 

0*658 

60*8 

0*188 

0*608 

89*4 

0*744 

41*8 

0*180 

0*686 

84*6 

0*861 

87*1 

0*118 

0*646 

18*4 


88*6 

0*116 

0*669 

8*4 


87*8 

0*108 

0*696 

8*4 


83*4 

0*104 

0*618 


Tbe numbers in the column headed density ore calculated by 
dividing the whole mass in grams of tbe gas by tbe volume of the 
liquid in cubic ceutnuetres. The mass of the gas was 0*06435 gram. 

The physical constants for hydrochloric acid gas used in tbe 
diagrams are calculated from Ansdell’s paper ('Boy. Soc. Proo.,’ 
vol. 30,1880). The mass of the gas* he used was 0*08681 gram; and 
therefore the proper reduction has boon made so that the volumes in 
the diagram may be those occupied by the molecular mass of hydro- 
ohlorio acid in milligrams. 

In the firs^agram I have plotted for comparison the maximnm 
pressure of the vapours at different temperatures both above and 
below sero. In the case of PU 4 CI the curve is drawn from my own 
observations from the critioal point to 7”; that point is joined by a 
dotted ourve to the point corresponding to 1 atmosphere at —30°, at 
which temperature Pgier states that the crystals are formed under 
atmospheric pressure. The curve forHCl below zero is from numbers 
given by Faraday (' Phil. Trans.,’ 1846). The ourve for PH, is from 
* Found by osloulotion from Amdell’i dots. 
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my own obaormtions, and wonid mn alongnde of that for HCl if 
oontixiaed below aero The boiling point of PHs u given by 
Olacewaki as —85° 

At first sight it 18 evident that the form of the curve for PH 4 CI is 
not a normal one for if it were it would lie in the same direction as 
the other two At all temperatnres the pressure is mnoh lower than 
that corresponding to a mixture of the two gases Pil^ and HCl, so 
that it IS evident forces of chemical attraction are acting From 
—30* to 10* the curve runs normally, so it appeaWHthat the gas 
probably oonsiats wholly, from reasons we shall presently point out, of 
PH} and HOI molecules Above 10* these two gases oombine and the 
pressure neoessaiy to deposit the oiy stale very rapidly mcreases If 
the temperature be maintained constant the whole of the mixtnro is 
converted to the crystals of the compound underMonstant pressure by 
reducing the volume, 3 U 8 t as a saturated vapour is converted into a 
liquid under similar conditions 

At the temperature at which the crystals melt there should be an 
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Alteration in tbe direction of the curve, if the phenomenon of foaion 
ifl analogOQB in this oaae to that of melting ioa. However, such an 
alteration oan icaroely be aeon in the diagram, but would donbtleea 
be made apparent by very careful obaervationa. 

i>io 1 


In the aeoond diagram I have plotted curves representing the 
saturated volumes at different temperatures. To maJce them oom« 
parable it is neoeessiy to take de^te masses of the gases. I have 
therefore plotted the volumes corresponding to 70 & mgrms. 

84 mgrms. PHg, and 8tf5 mgrms. HCl. It will be observed 
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about 10° the ntorated Tohtnu of ibe mixtura oorresponcU to the nm 
of that of its oomponenta, whilst about their oritioal pointe the voluntee 
are approximhtely equaL This shows that at 10* we are dealing with 
a mixture of the two gases, whilst near the oritioal point the mixture 
has combined and the deposition of liquid takes place from gaseous 
PH4OI. 

volumes which the liquids occupy near their critical points are 
wj nearly equal. This may be shown to be the case in another 
way. It has been proved from van der Weals’ formnla that the 
result of dividing the oritioal temperature in absolute degrees by the 
oritioal pressure gives a number proportional to jibe greatest volume a 
liquid can ooonpy (Dewar, ‘ Phil Mag.,* vol. 18, 1884). Now in our 
case we have— 


T,*0. 


T.sIm. 

P. 


stnuM. 


48* 

96 

S 6 

64 

70*6 

4 6 

6a 

88 

8*7 


If then 4*6 volumes of liquid phosphine near the oritiaal temr 
pen^ure were brought in oontaot with 3*7 volumes of liquid HOI 
about the same temperature, combination would take place with 
condensation of volume to nearly one half. Thi$ xe a cose of eomKno- 
tioH of Uqmdt obeying a law very rimilar to Oay-IAutao'a law for the 
pombination of gases under ordinary conditions of temperature aud 
pressure. A symbob'o representation of this combination wonld be .*—- 

P^ + HOI = PH*01. 

1 voh liquid + 1 vol. liquid = 1 voL liquid. 

A close analogy evidently exists between the law of combination by 
volnme of these liquids near their oritioal t«nperatnreo and Qay> 
Lnssao's law; whether other cases of sndh a law of oombinatico will 
be found is a question wbioh cannot yet be answered. 

Neverthelese the results in this paper appear to me to give answere 
to these two questions which Ogive states in his essay:—-(1) Oe 
liqnide est>il la oombinaison m4me ou un simple melange des gas 
liqn^fifs ? O’est oe qu’il ne m’a pas 4t4 possible d’^luoider; (2) Pent- 
6 tre le ohloihydtate d’hydroghne phosphor^ existe-t-il r4ellement i 
rttat gassux 4 une temperature moins basse. 

I hope to continue these experiments with a view to determine the 
heat of fbrmation of this oompouud PH^Ol, and also to determine the 
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«ooditioiui of the formation and composition of the hydrate of 
phosphine. 

I mnst express my beat thanlcs to Professor Dewar, F.B.S., for his 
many kind and helpfnl snggeetionB, and also to the Master and 
Fellows of Ohriat’a College, who have permitted me to retain my 
adiolarship dnnng the oont^nanoe of this work. 


n. "On the Principal Electric Time-constant of a Cinmlar 
Disk.” By Horaob Lamb, M.A-, F.R.S., Professor of Pure 
Mathematics in the Owens College, Victoria University. 
Received March 29, 1887. 


The time-constant for corrents of any normal type in a given oon- 
dnotor is the time in whioh free corrents of that type fall to l/e of 
their original strength. In strictness there are for any condnctor an 
infinite series of time-constants, corresponding to the varions normal 
types, bnt in such a case as that of a coil of wire one of these is 
very great in comparison with the rest, which belong to types 
in whioh the current is in opposite directions in different parts of 
a section of the wire. And in all oases the time-constant correspond¬ 
ing to the most persistent type whioh can be present under given 
oircamstanoes is, of oonrso, the one whioh is most important from an 
experimental point of view. 

A determination of the time-constante of a uniform circular disk 
would be of interest for two reasons: first, in relation to Arago’s 
rotations, whioh arc entirely due to the greater or loss persistenoe of 
currents once started in the disk; and, secondly, in connexion witA 
Profeasor Hughes’s experiments with the induction balance, in which 
the disturbance produced in the field by the onrronts induced in metal 
disks (such as coins) was studied. Unfortunately, the mathematioal 
problem thus suggested would seem to be diffionlt, Bestrioting our¬ 
selves, for simplicity, to oases where the currents flow in circles 
oonoentrio with the disk, so that the problem is not complicated I 7 the 
existence of an electric potential, then if 0 be the onrrent-fnnotion, the 
electric momentum at a distance r from the centre of the disk will be 
—dPjdr, where P is the potential of an imaginary distribution of 
matter of density 0 over the disk. Hence, if f be the resistance per 
unit area, we have— 


_ d dP 
^ dr ~ didr- 


( 1 .) 


In any normal type, 0 and P will vary as and, therefore— 




(«•) 





990 Prof. H. Lamb. On tk« Prine^fal [Apr. 91, 

or, in the ease of uniform rensionoe— 

3= xpVo 

over the disk. 

In the ahsenoe of a rigorone solution of this problem (which seems 
well worthy the attention of mathematicians), a good approximation 
to the principal time^nstant may he obtained on the following 
principles:—• 

1. An increase of resistance in any part of the disk will diminish 
the time-constant; and 

2. If the time-constant be calculated on any arbitrary assumption 
■8 to the distribution of current, the result will be an under-estimate, 
and will, moreover, be a close approximation to the true value if the 
assumed law bo not very wide of the mark, on account of the 
" stationary ” property of the normal types. 

Some distributions of density 0, and corresponding potentials P, 
convenient for our purpose, are obtained by considering the disk as a 
limiting form of heterogeneous ellipsoid, in which the surfaces of 
equal density are similar and coaxial ellipsoids.t If the density at any 
point Q in the interior of the ellipsoid— 

= 1 

be C(1-<>•)•, 

where 0a, 0b, 0e are the semi-axes of the similar ellipsoid through Q, 
the corresponding potential at internal points will bo— 

0 _ ^ _ t __ 

'n-hlJ^V a»+ifc b>+k V((o»-|.fc)(6«-i-i)(c»+ife))' 

Putting a = b, and passing to the case of a disk, by putting e s= 0, 
SCo = 1, we find that to the surface-density— 

. = ( 3 .« 

oenreeponds, for points of the disl^ the potential— 

^ = 2^TI) 

• See Beyleigfa't ‘ Sooad,’ |{ 88, 808, ie. 
t See Fmvn, ‘ Quart Jonra. Math.,’ toL 14, p. 1. 
t In the eleotiioal applioation we muat anppoae • +i>0. 


x* y* e* 
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in the nBtial notation of hyporgeontetric Beries. 

In the eloctrical problem, then, to a ounent-fnnotion of the form 
(3) corresponds the onrrent-Btrongth— 


^ r(n+l) r/ 
dr a ' r(n+^)a\ '?/ 


( 6 .) 


and the electric momentum— 


-ff = .(“■> 

The assumption (3) will correspond accurately to a normal typo for 
a non.nniform dish, provided the law of resistance bo properly 
adjusted. For (2) is satisfied if— 



2X»* j '^1-^ 8m»xy Bin*x Ox 
X^F(-«,t,2.^,). 


= + .( 8 .) 

where /■«' is the resistance at the centre; and the time-constant is— 


x-i » r(n+i) ^ 
r(n-H) 2po'‘ 


. . ( 9 ) 


For n s 0, we have— 


w*a 

Since p' diminishes from the centre outwards, we see that 4‘93fia/p' is 
a superior limit for a disk of unil(»m renstanoe p. 
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Fori* =e jf, * 


ftom which it appears that i'\4&ajp is a superior limit for a uniform 
disk. 

For » = 1, 

P = .(1®-) 


' W 


( 11 .) 


This case is remarkable as giving a resistanoe nearlj uniform over 
the disk, except close to the edge, whore it rapidly increases. The 
second column in the following table gives the resistance at various 
distances from the centre; the third column, the corresponding thick* 
nesses in terms of the thickness at the centre, the material of the 
disk being supposed uniform. 


ria. 

pVpV 

Thicknew. 

0 

1000 

1*000 

0*1 

0*998 

1 002 

0*8 

0*990 

1*010 

0*8 

0 978 

1*028 

0*1 

0*960 

1 041 

0*6 

0 038 

I 066 

0 -a 

0*918 

1*096 

0 7 

0*888 

1*129 

0*8 

0*887 

1 164 

0*9 

0 900 

1*111 

0 96 

1*086 

0 966 

0*99 

1*878 

0*632 

1*00 

« 

0 


The minimum value of p is 0'8660/^,', corresponding to r/a = 0*8165. 
Denoting this minimum by p^, we find from (11 j— 

T = 2-137 

Pi 

This is an ittferior limit to the value of r for a disk of uniform 
resistanoe pi'. 





1887.] EleHrie lim-^onitant of a Cireult» Diah. 293 

Soma Ibrther information may be gathered from the seoond 
principle stated above. The eleotrokinetic energy of the sjstein of 
onrrents defined by (3) is— 


*J„drdr- 




^ r(-n+*n).r(|+m) 


• iXm+i)r(-«)r(t) r(2+»0J 


_ r(«+i). ^r(m+i)r(-n)r(i) r(m+^it+|) 

- r(n+4)r(2n+l) 
r(2n+|)r(n+l)' 

. 

If the disk bo of uniform reeistanoe f!, the dissipation is— 

^ Jr(n+in» (13) 

2n(2«+l)lr(n+5)/.' ' 

Introducing a time-factor «”•/', and supposing that the system of 
onrrents is constrained to remain of the type (3) during the decay, 
we find on equating the rate of diminution of the energy to the 
dissipation— 

_ _ wh r(2a-H2){r(n-H)}» 
’“yr(*)r(«i-i)r(2n-ht). 


Any value of r obtained from this formula wi}l be an inferior limit 
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to the trne ralne. The following iaUe gives the ralnes at rp'ja for 
different Tsltiee of n 


0-6 

0-6 

0-7 

0-8 

09 


8 188 
a‘201 
8-889 
8-867 
8 261 


1-1 8-246 


1-8 8-810 

1- 4 8 -1«9 

1 6 8-167 

2- 0 3-061 


It Appears that the valno (14) of v is a maximum for n = 0-9 about, 
and, hence, that tho principal time-constant of a circnlar disk is not 
less than 2‘26ajp\ We have seen that the value of 0 obtained by 
putting n = 1 in (3) must be a pretiy fair representation of the most 
persistent type of free currents in a uniform disk, and the case of 
n = 0-9 will not be materially difiTerent. The “ stationary ” property 
already alluded to therefore warrants us in asserting that the value 
just given must be a close approximation to the truth. If 8 be the 
thickness, p the specific resistance of the material, we may write our 
result thus— 



P 


For a disk of copper [p = ICOO C.Q.8.], a decimetre in radius, and 
2'6 mm. in thickness, this gives t = 0'0035 sec. 


Addendum.—April 11, 1887. 

In the above calculations it is assumed that the current-intensity 
is sensibly uniform thronghont the thickness of the disk. This will 
be tho case, at all events for a non-magnetisable substance, if the 
radius be a moderately laige multiple of the thickness. To examine 
thu point more closely, it will be sufficient to consider a simpler 
problem in which all the circumstuioee can be calculated with exact¬ 
ness. Let ns suppose then that we have a system of free cnrrento 
everywhere parallel to the axis of i in a stratum of conducting matter 
bounded by the planes y = ±2/8. With the usual notation we shall 
have— 



m 


1687.] Ehectrie Tme-eOMtant of a CireuIaT Vitk. 

F = 0, 0 = 0, 



lu the spaces on each side of the stratmn— 


d^'^dy* 


- 0 ; 


‘whilst in the conductor itself— 


(PH , (PR 


—dir/itO. 


The equation of eloctromotire force is— 


0 =-^ = AH., 


the time-factor, as before, being e”*'. Let ns further assume that 
a enters into the value of H only through a factor sin out. We shall 
then have, in the conductor— 


whore 


(PH 


+hm = 


0 , 


= 4nr^\lp-m*, 


and in the external spaces— 


d!f 


. (15.) 


The solutions of these equations, appropriate to our present 
problem, are 

H = Do(m ky, 

and H = D'eT-», 


rapeotively, the upper or lower sign being taken in the latter expres- 
4 non according as y is positive or negative. At the snr&oes of the 
conductor we must have— 


a = pa', h = 6', 

when the accented letters relate to points just outside, the unac¬ 
cented to points just inside. Those conditions give— 




296 


EUetnc TW^iOfutafie 0/ a Circular Dick [Apis. 11 , 
ID . sin ^ =s /aniye-"*/* cob ^ 

D = D'«--*/». 

whonoo M.tan~s /wiS .(16.) 

If /I = 1, as we have snppoBed, uid mi is small, the principal root 
of this equation in fcS is Rmall, and the cnrrent.intensity, which Tariea 
as coajisy, will be nearly uniform throughout the thioknefls. The 
equation (16) then gives— 

= 2ml-im»S*+Ao.. 

and therefore from (16)— 

T* A.-l = -^(l- 4 m«+(fco.), 

mp , 

where p = p/i. For the purpose of a rough comparison with our 
original problem we may suppose that v/m is comparable with R, the 
radius of the disk. It follows that the effect of replacing the actual 
disk, of finite thickness, I 7 an infinitely thin disk of the same con¬ 
ductivity (per unit area) is to increase the time-constant by the 
ftaotion 2 /B of itself, about. 

In an iron plate, on the other band, tho current-intensity will fall 
off considerably from the median plane to the surface, unless the 
ratio 2/B be extremely small. For instance, if pmS = v/2, or say 
i/R = 1 / 2 /t, tho principal root of (16) is kS = v/ 2 , and the intensity 
at the surface is only 0 71 of its value in the median plane, although 
the thickness of the disk may perhaps not exceed one-thousandth of 
the radius. Again if, mt being still small, pmd is moderately largo, we 
shall have iS = w, nearly, so that the current-intensity almost vanishes 
at the surface. In such a case— 

T = 4v^/^V = 

roughly. It will be soon that within certain limits (e.g , if s= 600 
and the lateral dimensions be not more than about 100 times the 
thickness) this result is independent of the size and shape of the plate. 
Under these circumstances, tho value of t for an iron plate 
(p = 10,000 e.G.S.) whose thickness is 2*6 mm. will be comparable 
mth 0-003 sec. 
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UL “ On Parts of the Skeleton of Meiolania platyeept (Ow^),** 
By Sir Hiohabd Owek, E.C.B., F.R.S., &a. Received March 
29, 1887. 

(Abstract). 

The Bubjecta of the present paper are additional fossil remains of 
Sleiolania platycepa from Lord Howe’s Island, transmitted to the 
British Mnsonm since the author’s previons paper on the subject. 
Additional cranial characters are defined and illustrated by drawings 
of more or less perfect specimens of the sknll, of vertebrsa of the 
neck, trunk, and tail, of limb-bones, and portions of the dermal 
skeleton. 

The author same up the affinities, deducible from the above parts of 
the skeleton, to the o^ers Ohelonia and Sauria, with grounds for the 
conclusion that the genera Mtgalania and Meiolania are more nearly 
akin to the Samian division of the class Bepiilia, in which he proposes 
to refer those extinct genera to a sub-order called Ceraiotauria. 


IV. “ Some ApplicationB of Dynamical Principles to Physical 
Phenomena. Part II.” By J. J. Thomsok, M.A., F.R.S., 
Fellow of Trinity College and Cavendish Professor of 
Experimental Physics in the University of Cambridge. 
Received March 31, 1887. 

(Abstract.) 

This is a continuation of a paper with the same title published in 
the ‘Phil. Trans,’ 1885, Part 11. In the first paper dynamical 
principles were apphed to the subjects of electricity and magnetism, 
elasticity and heat, to establish relations between phenomena in these 
branches of physics. In this paper corresponding principles are 
applied to ohomioal and qnasi-obemical procosses snch as evaporation, 
liquefaction, dissociation, chemical combination, and the like. 

Many of the results obtained in this paper have been or can bo 
obtained by means of the Second Law of Thermodynamics, but one of 
the objects of the paper is to show that thero are other ways of 
attacking such questions, and that in many oases such problems can 
be solved os readily by the direct nse of dynamical principles as 1:^ 
the Second Law of Thermodynamics. 

A great deal has been written on the connexion between the 
Second Law of Thermodynamics and the principle of Least Action; 
some of these investigations are criticised in the first part of the 
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paper. After this it is shown that for a oolleotion of molecules in a 
steady state, the equation (whioh for ordinary dynamioal systems is 
identioal with the well-known Hamiltonian principle) 

= 0 

is satisfied, where T and V are respectively the mean values of the 
kinetic and potential energies taken over unit time, and where the 
variation denoted by 2 is of the following kind. 

The coordinates fixing the oonfiguration of any physical system, 
consisting according to the molecular theory of the oonstitution of 
bodies of an immense number of molecules, may be divided into two 
classes:— 

(a.) Coordinates, whioh we may call molar, which fix the oon- 
figuration of the system as a whole; and 

(b.) Molecular coordinates whioh fix the configuration of individual 
molecules. 

We have the power of changing the molar coordinates at our 
pleasure, but we have no control over the moleonlnr coordinates. 

In the equation— 

2(T-V) = 0 

only the molar ooordinates are supposed to vary, all velocities remain¬ 
ing nnchanged. Hence in applying this equation wo need only 
oonsider those terms in T and V which involve the molar coordinates, 
and expressions for these terms for gases, liquids, and solids are given 
in the paper; the rest of the paper after those have been obtained 
consists of applications of the above equation. 

The density of a vapour in equilibrium with its own liquid is 
obtained as a function of tho temperature, and the effect upon the 
density of such things as the curvature or electrification of the surface 
of the liquid is determined. 

The phenomenon of dissociation is next inveetigpited, and an 
expression for the density of a dissociated gas obtained whioh agrees 
substantially in form with that given by Professor Willard Oibbs in 
his well-known paper on the *' Equilibrium of Heterogeneous Sub¬ 
stances.” 

The effect of pressure upon the molting point of solids and 
the phenomena of liquefaction are then investigated, and tho results 
obtained for the effhot of pressure upon the solubility of salts are 
shown to agree with the results of Sorby’s experiments on this 
subject. The effect of capillarity upon solubility is investigated, and 
it is shown that if the surface-tension increases as the salt dissolves 
then capillarity tends to diminish the solubility, and vies vertd. 

The question of ohemioal combination is then considered, par- 
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tionlarlj the resnlts of what ia called by the ohemista ** maaB*aotion,'* 
of which a particular case ia the diviaion of a baae between two 
aoida. 

The general problem inreatigated ia that in which we have four 
Bubataneog A, B, 0, D present, such that A by ita action on B 
prodnoea 0 and D, while C Iqr ita action on D produces A and B. The 
relation between the quantities of A, B, C, D present when there is 
equilibrium is obtained and found to involre the temperature; when 
the temperature ia constant it agrees in some cases with that given by 
Guldbcrg and Waage, though in others it differs in some important 
respeota. Thus if (f, i be the number of molccnlea of A, B, C, 
D respectively, when there is equilibrium, 0 the abaolnto temperature, 
H the amount of heat given out when the chemical process which 
results in the incronae of f by unity tahos place, and h a ^quantity 
which is the same for all snbstancea, then it is proved that-^ 




where C is a constant; p, g, r, $ arc quantities such that if (A) 
represents the molecule of A, with a simdar notation for the other 
molecules, then the chemical reaction can be represented by the 
equation— 

p{A}+g{B}=r{C}+s{D). 


Thus if A, B, 0, B be respectively snlphnno acid, sodium nitrate, 
nitric acid, and sodium sulphate, in which case the reaction is 
represented by— 

H,S0*+2NaN0, = 2HNO,+ NajSO*. 


Then if the molecules of sodium nitrate and nitric acid be repre¬ 
sented by NaHO, and HNO„ 

p = l, g = 2, r=3, and s s= 1. 


If, however, the molecules of sodium nitrate and nitrio aoid are 
represented respectively by NajNfOi and then since the 

ohemioal reaction may be written— 

H,S04-l-KagN,0, = H,N,0 ,+Nb,SO*, 

p s: 1, g = 1 = 1. 

According to Gnidberg and Waage the relation between f, 7 , {;; a 
ia— 

f7«fcC.; 

TOL. XUL t 
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t^is when the tempemtnre is oonstsat, agrees with the shore 
expression if p k j m r s= s. 

We see that the state of eqnilibrinm will vary rapidly with the 
temperature if H be large, that is, if the chemical process is attended 
by the evolution of a large quantity of heat. 

The effect of alterations in the external circumstances such as 
those which may he produced by capillarity, pressure, or bleotriflca- 
tion are investigated, and it is shown that anything giving rise to 
potential energy which increases as the chemical combination goes on 
tends to stop the combination. 

The last part of the paper is taken up with the consideration of 
irreversible effects such as those accompanying the passage of electric 
currents through metallic oondnotors or olootrolytes. These are 
looked upon as the average of a large number of discontinuous 
phenomeha which succeed each other with great rapidity. The 
ordinary electrical equations with the usual resistance terms in, 
represent on this view the average state of the system, but give no 
direct information about its state at any particular instant. It is 
shown that if we take this view we can apply dynamioai principles to 
these irreversible effects, and the results of this application to the 
case of electrical resistance are given in the piqier. 


V. “ Condaotion of Heat in Liqmda” By C. Chrke, B.A., 
King’s College, Cambridge. Communicated by Professor 
J. J. Thomsox, F.R.8. Received March 81,1887. 

(Abstract.) 

In this research the liquid layer throu^ which the conduction 
takes place is of a moderate thickness, the object being to obtain 
results not open to the objeotions which can be raised against most 
previous methods, in which conduction has taken place through 
layers of very small thickness. 

Two similar forms of appar^ns, differing chiefly in sise, were 
employed, but from the larger apparatus few results were obtained, 
and to those little independent weight is assigned. 

The liquid was oontained in a wooden tub, sad heat was applied- 
by pouring hot water into a metal dish supported so as to be in eon- 
^t with the liquid surface. At a given depth was fixed a fine 
platinum wire, and the variation in its temperature was determined 
by observing the variation in its elootrioal resistance. By this means 
the temperature at a given depth in the liquid is determined for any 
instant subsequent to the application of beat. 

In applying the heat a given quantity of water, heated to a given 



801 


Ui87.} CkmdMetion of Hoot m lAquido. 

(empemtare, was raddsnlj potu«d into the metal dish, and the time 
noted. In one set of enperimenta this water was after a giren 
interval siphoned from the dish, in another set it was left nndis- 
tnrbed. In either case the venation in the temperature of the 
platinum wire, as indicated bj the change in its resistance, was 
determined by observations of the readings of a delicate galvano¬ 
meter, which was affected by the variation in an eleoirioal current 
traversing the platinum wire. The galvanometer readings supplied 
data from which oonld be calculated the interval that elapsed i^r 
the application of heat before the temperature in the liquid surround¬ 
ing the platinnm wire was rising tostest. An independent series of 
experiments gave the rate at which heat passed into each liquid from 
the dish. 

To calculate the conductivity a mathematical investigation is 
carried out, which leads to an equation connecting the conductivity,’ 
density, and speoifio heat of a liquid with the time elapsed after the 
application of heat at the surface before the beating at a given depth 
should be most rapid. Thongh tliis equation oanuot be dirootly 
solved, solutions of a close degree of approximation omi be obtained. 
The density and speoifio heat being known, these solutions enable the 
conductivity to be calculated in absolute measure. 

The liquids examined were water, paraffin and turpentine oils, 
bisulphide of carbon, methylated spirit, and solutions of various 
strengths of sulphuric acid and water. In the case of paraffin oil, 
methylated spirit, and water, the two dilTcrent methods were 
employed, and the results agreed fairly well. In the case of turpen¬ 
tine the water was never siphoned, and in the case of the remaining 
liquids the siphon was always used. It was found that the con- 
dnctiviiy of the varioua aulphurio arid solntions, some of consider¬ 
able strength, differed veiy slightly from that of water, and thus there 
is a marked distinction between conducting powers for heat and for 
electricity. The presence of small imparities in the liquids, snch as 
■mall qnantitiM of salt, had no appreciable effect on the oondnotiviiy. 

The intervals that elapsed after the application of heat hefore tiie 
temperature at the given depth was rising fastest did not differ very 
largely for the varions liquids. It was shortest for the bisulphide and 
longest for turpentine. Owing to the comparatively small variation 
in this interval the value of the oondnotivity depends largely on the 
product of the density into the specific heat, a quantity to which it is 
Erectly proportionaL 

Ths vtduss actually obtained are the following;—In those nndeor 
eolunm 1 the water was siphoned from the dish, in oolnmn 2 it was 
not. Tbs nnits are centimetre and minnto. 


> 8 
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Oolnmn 1 

Colnma S 

Water 


0 0747 

0 0815 

Solution Bulphuno amd 

No 1 

0 0759 

— 


No 2 

0 0767 

— 


’No 3 

0 0765 

— 


No 4 

0 0778 

— 

Methylated sp nt 


0 0354 

0 0346 

Bisulph de of carbon 


0 03.2 

— 

Paraffin oil 


0 0264 

0 0273 

Tarpentme oil 


— 

0 0189 


The tomperatnre of the varons expenmenta differed somewhat 
bat as a I ale was a little ander 20’’ G The differenoe of tomperatare 

in the two series of experiments on water tends partlj to explain the 
discrtpaney in tl e above resalts as the results of previous observers 
indicate a considerable rise in oonduetivitj with the temperature 
For water and the methylated spirit results of a ooniirmatoTy nature 
were obtaiued by the hu^er apparat is 
The experiments were eonduoted in the Oavendish Laboratory 
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April 28,1887. 

Profe«sor STOKES, D.C.L, President, in the Chair. 

The Prosente received were laid on the table, and thanks ordered 
for them. 

The foUewinjf Papers were read:— 

1. “Note on Dr. G. J. Hinde’s Paper ‘On Beds of Sponge- 
remains in the Lower and Upper Greensand of the South 
of England’ (‘Philosophical Transactions,’ 1885, p. 408).*’ 
By Edward HtriiL, LL.D., F.R.8m Ac., Director of Uie 
Geological Survey of Ireland. Received March 17, 1887. 

In a valuable communioation read before the Society in May, 1885, 
Dr. Hinde has given an account of the bands of siliceous material, 
generally in the form of “ chert,’’ found at intervals in the two Green¬ 
sand formations of the Crotaoeoos period throughout the south of 
England—clearly indicating the extent to which sihoeons sponges 
contributed to the formation of the snooessive sea-beds of this period; 
an extent to which, as the “Challenger’’ sonndings show, has its 
parallel in some parts of the ocean at the present day. 

In discussing the origin of the chert ^d ohaloedonio bands in 
which the spicoles are imbedded, or out of which they hare been dis¬ 
solved, leaving cavities in their place. Dr. Hinde states his opinion that 
“ There can scarcely be room for doubting that the beds and irregular 
masses of chert . . . have been derived from tiie silica of these 
sponge-remains; and from th« tame towroe hat alto originated the 
liliea* which, in many of the deposits—more particularly in the 
Blaokdown Hills—has replaced the shells and tmts of the mollnsca 
and other calcareous organisms.” He proceeds to say, “ The theory 
has, however, been advocated that the silica of the chert has been 
derived rather as a direct deposit of this mineral frmn solution in sea¬ 
water, than as the product of the deoompoeitioh of the siliceous stmo- 
tare of the sponges. Thus Dr. Bowerbank held that the sponges 
imbedded in the chert of the Greensand possessed homy and not 
silioeous skeletons, and that the silica in the chert in which they were 
imbedded was attracted firom the exterior medium by the animal 
matter, and not secreted from tiie living sponge. Professor T. 
Rupert Jones maintains Hie view that the silica of the ohert is derived 
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directly from sea-water; and similur opinions as to the origin of the 
chert bands in the Upper Carboniferons limestohes of Ireland have 
been pat forward by Messrs. Hull and Hardman, and by M. Benard,* 
with respect to the phthamta in rocks of the same age in Belgium. It 
is a signifloant fact, bowerer, in connexion with tho chert-beds of the 
Irish Upper Carbomferpos strata that some hare been discovered filled 
with sponge-spicnlea like the chert of the English Greensand, and this 
indicates a similar origin for the silica, and negatives the supposition 
of Professor Hull that it was deposited “ from warm shallow water 
charged with silica in solution, in which chemical reactions would 
be at onoo set up, favoured and promoted by tidal and other 
ourront8.”t 

I have taken pains to quote the entire passage in Dr. Hinde’s paper 
in order to avoid the possibility of misrepresentation; and I must 
confess my inability to understand thp reasoning of the author. He 
regards the sponge-spioulcs as “the source’’ of tho silica, and by their 
d^mposition in the presence of sea-water as havmg given origin to 
the beds of chert; but the question arises, from what sonroe did tlie 
sponge-skeletons themselves derive the silica from which they wet« 
form^ f This could not have been from repeated solution and re- 
oonstruction, because by this process the supply of silica would have 
been used np. Tho statement, therefore, that “ the beds and irregular 
masBos of chert have been derived solely from the nlica of the sponge- 
remaina instead of from that held in solntion by the sea-waters them¬ 
selves" is altogether nnintelligible. The real “sonroe’’of the silica 
is that small amount of this mineral which is always present in ocean 
waters; from this souroe,tbe aponge-atmoturea have been derived by 
organic agency, and without that agency the silica would seldom be 
solidified. Sponge silioeous skoletoos are in reality the result of the 
presence of siUoa in sea-water—not its cause. If there had been no 
soluble silica there had been no siliceous sponges. But I am only 
here oonoemed with a defence of the views arrived at, after full in- 

• Dr. ninde, in referring to Prof. Benard’e ICmoir (' Bulletin de 1’Aoaddnlo 
Boyak de Belgique,’ toL 46,1878, p. 471), goet to &r m to qUeetion the suthor’e 
datennination of the nsture of the “ouroular wclaon*'' ihown in one of the 
figuree (itg 2} ncooapnnying the poper. The author identiflee then at orinoid 
etems, Dr. Hinde luggeeta tint they ore reoUy eponge-ipioulee, n vieir that no one 
to well ocqnainted with the Oorboniferoua laateetone aa Profeetor Benard win for a 
UKnaeiit admit. 

t Dr. Uinda does not mention hit anthori^ for the ttatement of the abnndsaes 
id qMnge-tpioiilet in the Oarboniferont'Lmieatone of Ireland, and I nwpeot that he 
has in tbit oate, at in that of the phthamtai of Belginm, mittahen the leotioBt of 
Winoidt for th^ of tponge^truolurei. There u no doubt tome diflloulty in dk- 
tingubhing teotion* of tponge-ipieukt from lU-preterved tegmente of erlnoid tteiM 
Budi St oeour in ohert i to that their identity mnet he dttemiintd hy the fimu 
whkh an pmialrat in the ordinoiy limetwwet. 
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vettigatioxi bj mj oolleagae, Mr. Hardman, and myself,* and oorrobo* 
rated by tbe independent inveetigations of M. Benard in Belgium rt 
and I wish to show how improbable it u that silioeona sponges oonld, 
by their dissolution, have taken any important part in the formation 
of the ohert>beda of the Garboniterons Limestone either of Ireland or 
Belginm, or as far as I am aware of any other country. My argument 
will be baaed on the fact that the development of sponge-life in the 
seas of the Carboniforoua period was insignificant, and quite inade* 
qnate to account for the existence of bands and masses of chert, 
sometimes constituting almost a half or a third of tbe entire mass of 
the Upper Limestone.^ 

Let us now enquire what are tho relative proportions of the genera 
and species of sUiceous spongo-struoturea to those of calcareous forms 
both in Catboniferons and Gretaoeous strata—assuming that tbe genera 
and species indicate to some extent the numerical development of 
these respective forma. In this oomparison I shall omit from con< 
sideration the mollnsca and mollnscoidea—though in themselves very 
important, and alt<^ther lime-forming organisms. In drawing up the 
following table (p. 807) I have availed myself of the lists published 
recently by Mr. Etheridge, F.B.S., which make the comparison simple 
and eaay.S 

The contrast of the non-mollnscan fauna of the two periods will be 
at once apparent (1) in the enormous proportion of siliceous sponges 
in the Gretaoeous as compared with those of tho Carboniferous periods; 
and (2) in the predominance of corals and criiiuids in the Carbonife* 
rons period. Tho insignificant representation of siliceous sponge* 
sfruetnres in the Garbonifurons seas as com|>ared with the oaloareons 
foraminifors, corals, and orinoids will also be apparent. As compared 
with the devdopment of these forms in the Carboniferous period, it 
will be seen that the species of siliceous sponges might almost be 
counted on the fingers of the two hands; both in genera, species, and 
individuals they are quite unimportant as compared with the oaloa* 
reons organisms of that period, and totally inadequate to supply mate* 
rial for the formation of such beds of chert as are form^ in the 
Carboniferous Limestone formation. The enormous predominance of 
the calcareous organisms in this formation is a &K)t which cannot be 

• " On the Nature sad Origin cf Beds of Ohert of tbe Upper Ctarboniferana 
Liinsstone of Ireland.” 'Boientifio Transeotiooi of the Bogrml Dublin ttooiety,' 
voL 1, 1878. 

t ” Beoherohee litlKdogiquet sor les phthanitea dn oeloaire carboniAre de 
Belgique.” Far M. A. Benaid. ‘Bnlletiif de I’Aeeddmia Boyala de Belgique,* 
voL 46^1878. 

} As in the ease of the Upper Tsmsetone of norenee Court, uesr EmuaUllaa, 
al t ogeUier 400 feet thick, of whioh perh^ 160 are formed of riiert-baads, inter* 
ealated witii tboae of limestoue. 

i FbiUips* 'Manual of Geriogy,’ Edit. 1886, Fart IL 
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Table ebowing the Qenera and Species of Invertebrala, other than 
Mollnsua, in the Garboniferons and Crotaceons Periods. 


Carboniferous 
lOenent jSpeeiPi 


Fonuninitera. 

Hydroioa. 

.AotinoMa.. 

AnnuloM .. 

Cruftaoea. 

Folysoa. 

Total/ 

organismi 


Crotaceons. 

I (3oncra.| SpeoiM 


There is a slight 
nneertaintj re- 
ganliDg the nn- 
menoal propor^ 
tion of the nil- 
ceous and oalea- 
reous sponBes of i 
the CarDoniferons 


* ChteSj Kntomostraca of the Upper Carbonifenms stage. 


disputed bj those who have hod opportnnitics of studying its charao> 
ters, either in the north of England, in Ireland, or in Belgium, whore 
whole beds nay he observed oomposod almost entirely of criuoid stems 
and corals, while the miorosoopo generally revoak other calcareons 
forms, sooh as those of foraminifera, which are invisible to the naked 
eye, or under the lens. If, timn, these original calcareous stractnres 
hAve become silicificd, wbenoo could the silica have been derived if not 
from tho oironmambient waters of the ooeaii nndcr pertain speeial and 
favourable conditions of teroporatura ? 

In bis paper on the origin of tho lieds aud nodules of chert (phtha> 
nite) in the Garboniferons hmoetone of Bidgium, M. llcnard expressly 
identifies orinoid stmotaros, not only in circnlar disks of tho orosa. 
section of the stems or ossiotes, bat m the more solid and stmotaro* 
lees masses of the chert when treated with acid ;* and ho expressly 
states that the silioification has snporvoned in thu case of an originally 
oaloareons rock-oomponnd ohiefiy of foraminifera, orinoids, and eoralsst 
and, as Dr. Hindo himself admits, M. Bonard distinctly states that 
there is no evidence that tho infiltorod silox into tho limestone is 
derived from the decomposition of sponge-spionlos or fmstnles of 
diatoms. Snroly snoh a statement from so competent an observer is 
entitled to more consideration than that accorded to it by Dr Hinde, 

• Zoo Pit, p. toe 

t IM . p KM 
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who oonsidenk that M. Benard has mistalcen sponufe-spicales for 
crinoid stems.* 

In oonclnsioD, ]t may be aakod what is the evidence which Dr. Hinde 
can assign for his statement—that the silica of Carboniferons chert 
has been deriveil from spongc-spionles P Absolutely none, except a 
foncifnl analogy between those peculiar masses and the sponge-bods 
of the Crotacoons formation. On the other band, it has been shown 
that no such analogy exists, inasmneh as there was a marked contrast 
between the organic beings in the waters of the Carboniferons seas as 
compared with those of the Cretaceous period. In the former siliceous 
sponges were exceedingly rare; in the latter they abounded; so that, 
whatever part they may have played in the construction of the Creta¬ 
ceous bands of chert, it is clear they conld have taken no important 
part in the formation of the chert-bands of the Carboniferons Lime¬ 
stone. The relative weight of opinion us expressed in the papei-s 
dealing speoially with this subject must be left to individual judgment; 
in forming this judgment, however, it will not bo overlooked that 
identical conclusions have been arrived at regarding the mode of 
formation of the Carboniferous chert-bands by two sots of observers 
working independently', one in Ireland the other in Belgium, almost 
at the same period, and both using choinioal and microscopical 
appliances. 

I trust, therefore, that f have succeeded in showing that there are 
good grounds for the opinion of those who consider that the beds 
and nodules of siliceous material in the Carboniferous Limestone have 
been formed by a direct replacement of original calcareous matter of 
the limestone itself by silica held in solution in the ocean-waters, and 
that, consequently. Dr. Uinde is not ju'stificil in referring them for 
their origin to spongo-structnros 


II. “Note ou Protoesor Hull’a Paper.” 3y Edward T. Hardmak, 
of the Geological Survey of Ireland. Communicated by 
Ei Hull, F.K.S. Received April 5, 1887. 

Dr. Alleyne Nicholson, a palssontologpst of no small repute, refers 
to this subject in his work on the ‘Ancient Life History of the 
Earth,’ p. 34. He considers that the silica which has surrounded and 
iafiltrat^ the fossils which flint contains, must have been deposited 
“from sea-water in a gelatinous condition, and subaeqaently have 

* Dr Hinde’i vordi aro ■ “ There are (bown, however, in one of the flgnret 
(fig. t) sooompanying M. Benard'* paper, oircmlar leotionf which more nearly 
reaenihle thoae of aponge-ipimlea than of mnoid sterna, to which they are assigned.” 
Kota, lof cft, p 4fl8 
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hudancd." Also that “the formation of flint therefore be 
regarded as due to the aeparatbn of eilioa from aea-water, and ita 
depoaition ronnd some organic body in a state of ohemical change or 
decay.” 

This is essentially the theory 1 advanced in onr joint paper, and 
that independently arrived at by the Abb4 Benard, namely, paendo« 
morphiam. 

Dr. Nicholson says farther: It has been asserted that the flints of 
the chalk are merely fossil sponges. No explanation of the origin of 
flint, however, can be satisfutory, nnless it embraces the origin of 
chert in almost all limestones from the Silnrian upwards, as well as 
the common phenomenon of the silicification of organic bodies (such 
as corals and shells) which are known with certainty to hone been 
originaBy eaUutreout" 

In our paper the prevalence uid thickness of the chert of the 
Carboniferous Limestone of Ireland is referred to. 1 have since had 
an opportonify of seeing the siliceous alteration of limestone on a 
very large scale, and in different formations, in the tropical region of 
Western Australia, when engi^^ there as Government Geologist. It 
is seen in the Lower Silurian, Carboniferous, and Upper Tertiary 
deposits. The transition from the limestones into chert, flint, and 
calcedony, is clearly visible in many places where these minerals 
form ranges often miloa in extent, and where the thickness of the 
flinty material occasionally reaches SOO feet. 

It is curious that these flint beds nearly always form the capping 
of the hills, but that they are of the same formation as the under* 
lying limestone is proved by the gradual passsge of that rook into 
flint; and where fossils occur in the limestone similar fossils are 
observed in the flint, until they become obliterated towards thp 
summit^* I am ipclined to attribute this to the action of highly* 
heated rain-water sinoe the rocks have been deposited. In the warm 
season—which is also the rainy season, from about November to 
Haroh—the rooks become intensely heated, and consequently, also the 
water lying in pools and cavities. I have been assured by settle!^ 
who have had to wade through flooded country, that at such times they 
could hardly endure the heat of the water, and I have experienced this 
to a slight extent myself. It is certain that under these cironmstanoes 
•iliaa would be more largely dissolved from one part, and more 
quickly deposited in another portion of the same rook; it is in fact 
on similar reasoning—the influence of sunlight and heat—that 
Professor Martin Dnnoan, P.ILS., explains the silioifloation of the 
West Indian Miocene Cor^. 

* Sea 'Beport <m the Oeology at Die Xiaberiey Dietriot, W. AmUsIia.’ S. T. 
Hsidmsn. Varth, W. A., 18M. P.IS. 
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Whether ih he heated rain<water, or heated eea-water oontabiiig 
eilioa, the principle of the transmutation is the same. 

These siliceous beds are found, not onlj in the marine Silurian 
(and poBsiblj older) beds of tropical Australia, in which sponges are 
oomparativelj rare, and in the (hu'boniferons rooks, but also in a 
fresh'water deposit which caps a hill south of Mount Elder on the 
Ord Hirer, and about 500 feet above the level of the country, showing 
that it must at one time have been the bed of a very extensive lake. 
The upper beds are white limestone merging upwards as usual into 
flint, oaloedony, and green agates. These are 50 feet thick, and all 
abound in a fossil, Flanorhii, as determined by Proft'ssor McCoy, of 
Melbourne University, who named it as a new species, Planorbis 
Hardmani. His decision was confirmed by B. Etheridge, Jnnr,, 
and Dr. Woodward, and the specimens are at present in the Museum 
at South Kensington. 

This rook is simply one mass of Planorbit shells all highly silioified. 
I can hardly conceive that it was formed from sponge spionles, 
especially as according to Ernst Haeckel (‘History of Creation,* 
p. 139) the main class of the Sponges lives in the sea, with the 
single exception of the green fresh-water Sponge (Spongilla), 

It is not probable then that these oiganisms would have existed in 
these regions in sufficient numbers to form a rook 50 feet thick and 
over two miles square at present. 

We have therefore examples at both ends of the scale in this one 
oonntiy showing how improbable is the Sponge theory of chert. 


IIL “ On the Homologies and Suocession of the Teeth in the 
Dasyuridse, with an Attempt to traoo the History* of the 
Evolution of Mammalian Teeth in general” By Oldfcelo 
Thomas, British Museum (Natural History). Communi¬ 
cated by Dr. Albkbt Gtjkthbb, F.B.S. Received April 4, 
1887. 

(Abstract.) 

The true homologies of the different teeth in the Marsupialia, and 
especially in the Datyuridet, have long been in a state of confusion, 
largely owing to their perplexing superficial resemblances to the teeth 
of the Carnivora and other Placentals, and to the incorrect homo¬ 
logies thereon founded. This confusion has been chiefly in regard to 
tiie premolars, of which some members of the family have two, others 
three, while generalised Placentals have fonr, and it is therefore 
necessary to prove which teeth have been successively lost in order 
to find out the correct homologies of the remaindar. 
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Fintly, u to whioh of the three premohoa of eooh genera m 
Tkylaeimu and Phateologale hare been loat in Datyunu and Stureo^ 
fkihu, each with only two—a etndy of the difFerent memhen of tbo 
genns Phatoologale thowa that, judging by the gnnt rariabilily in 
aiae of the last premolar or pm> of the typical mammalian dentition,* 
which ia aometimea even altogether aborted, it is this tooth that ia the 
one loat in Daiyunu and SarcophiUu, the total loss of the changing 
tooth naturally acconnting for the non-diaoovery of a tooth-change 
in these genera. 

Next, since the original number of premolara was dearly four in 
the Marsupials as well as in the Flaoentals, it was necessary to find 
out which of these had disappeared in the ordinary three-toothed 
genera of the Polyprotodonta, and this has been able to be done by 
the fortunate disooveiy of a specimen of PTuueotogale in which there 
are four premolara on one aide, the additional tooth being inserted 
between the ordinary first and second premolara. The miasiug pre* 
molar is therefore pm.*, as shown both by this instance and by the 
relative positions of the teeth in other Polyprotodonts, the resulting 
premolar formula of PhaaeologaU and Thylaeintu being P.M. |' 9 ‘ 

and of Datyunu and SareophUtu P.M. | 

Tho milk dentition in several of the Dcuyuridet is then described, 
among others that of the Pnrbeok Mesoaoio Marsupial Trioeanihodm 
tarrula (Owen), which is proved* to have, as had been suggested by 
Frofeeaors Owen and Flower, a milk dentition identical with that of 
the modern Maraupiala. 

An attempt ia then made to trace out the history of the evolution 
of mammalian teeth in general, and as a preliminary it is insisted (1) 
that the rudimentary tooth-change of the Marsupials is nut a remnsmt 
of a fuller one, but a low and early stage in the development of com¬ 
plete dipbyodontism, a stage out of which the Euthoria have long ago 
passed; and (2) that, as maintained by Professor Flower, the milk 
teeth are the anperadded and not the primary set. 

It ia then suggested that the process by which a milk tooth was deve¬ 
loped consisted of two stages, firstly, a preliminary retardation of the 
permanent tooth, and seoondly, of the development of a tepiporary 
tooth in the gap in the tooth-row oansed thereby; the retardation in 
the first case being useful for packing purposes in a large-toothed 

* Mthough the homology of tbie tooth with the pm.* of PlsoentaU, first made 
out by Professor Flower, has been oalled in qoestioa, there osn be no doubt that it is 
entir^ eoneot. 

t Ibis method of writing dentil formolii b reoommended ss showing not only the 
tobd nnmher, bat the homologiss of the teeth, each whleli hat Us own in, 

tha assist. 
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ftninul, wliile In « noalUtootbed form the nme retardation, if preeent 
by inheritance, wonld cause a more or lees disadTantageons gap, best 
filled by the assumption of a milk tooth. 

The first stage, or stage of retardation, appears to be still repre¬ 
sented in the anterior upper incisors of many Polyprotodont HarsnpialB, 
and it is therefore beliered that those teeth now represent the stage 
at which the ancestors of the Marsupials and Entheria diverged from 
one another, a stage at which the further development of milk incisors 
was just commencing. 

Following out this idea, it is shown how easily the transition firom 
the Metathorian to the Entherian stage of tooth-change may have taken 
place, a transition by the help of which a complete series of diagrama 
can be drawn up, following the history of each individual tooth, from 
the dentition of the earliest Mammals, homodont and monophyodont, 
as no doubt the unmodified Prototheria were, down to the varied 
forma of dentition, heterodont and dipbyodont, existing at the 
present day. 

All the orders of Mammalia &11 «Mily enough into their places in 
the main line of this scheme with one exception, namely, the 
Edentata, in whose case tlie evidence all tends to prove the correct¬ 
ness of Professor Parker’s suggration as to their nearly direct 
derivation from the Prototheria, a suggestion that the characters of 
their teeth most fully support. On the same principles, therefore, 
as the main Proto-meta-entherian lino of tooth development is drawn 
up, a side branch, for which the name “ Paratherian ” is suggested, is 
nude for the Edentates, Within that branch very little beturodontism 
has ever been developed, but otherwise the changes, except m the ease 
of the as yet inexplicable dentition of Oryetenpm have been of the 
same nature as th^ in the main line, the suporaddition of a milk set 
of teeth in Tatuiia being, as in the Mete- and Eu-tberia, the last and 
most highly specialised development. 


IV. “Note on Protection in Anthrax.” By L. CL Wooldridob, 
M.D., D.Sc., Demonstrator of Physiology, Guy’s Hospital 
Commnnioated by K Klein, M.D., F.B.S. Received April 
16, im. 

Hitherto in the few oases in which protection against symotio 
disease has been found possible, it has heem effected by the oonununi- 
cadon to the animal of a modified form of the disease against which 
protection is songht. 

I have sneoeeded in protecting rabbits from anthrax by an alto* 
^her different process, and although this is scarcely, at present, of. 
praotioiil utility, it may perhaps be found to be of some interest at 
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regards the general nature of protection in this and other diseases 
depending on mioro^igonisms. 

I use as a culture Said for the anthrax bacillus a solution of a 
proteid body which is obtained fW>m the testis and from the thymus 
gland. I have described this substance to tlio Society on a previous 
occasion,* so that I need not repeat the description of the process 
used in its preparation. 

The proteid substance is dissolved in dilute alkali and the solution 
sterilised by repeated boiling. It is thou inoculated with anthrax 
and maintained at 37* C. for two or three days. 

The growth is generally not veij abundant, and at the end of the 
period mentioned is removed from the culture fluid by filtration. A 
small quantity of the filtered onlture fluid is injected into the circula* 
tion of a rabbit, and it is then found that the ammal will not take 
anthrax, 

A subcutanaous inoculation of extremely vinilout anthrax blood 
made at the time of the injection of the protecting fluid, and two sub* 
sequent inoonlations at intervals of five and ten days, remain entirely 
without efiect. The animals used as a control invariably die. Four 
rabbits have been protected in this way. 

If the anthrax grown in the fluid be inoculated it either kills or it- 
has no eflect. It does not protect in the slightest degrt-c. 

The injection of the culture fluid in which no anthrax has grown is 
without effect. The animals die as usual when inoculated. Jhe 
I injection of the fluid itself causes no ill symptoms whether anthrax 
has grown in it or not. 

If other albuminous fluids, s.g., blood-serum, bo used as a culture 
medium and the filtered culture fluid be injected, it exerts no pro« 
teotion. It may be ffiirly concluded that the growth of the anthrax 
baoilluB in the special culture fluids used in these experiments 
rise to a substance which when injected into the oiganism protects 
against an immediate and subsequent attacks of anthrax. 

It would obviously be of very great advantage if some such method 
as this could be used for the symotio diseases affecting man for which 
no protective inoculation in the ordinary sense, appears possible. 

I am indebted to the Medical Officer to the Local Government Board 
fbr permission to pulflish this short account of these experiments, 
the full description of which will appear in his report. 1 mfist also 
express my thanks to Dr. Klein, F.B.S., for kindly supplying me 
witii many anthrax cultivations. 


L. 0. Wooldridfs, “ IntravaMwlw OloUiof,” * Boy. 8oe. PiooV 18S6, 
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Note added April 27th. 

The following ezperinenta gire additional weight to the previonilj 
deaoribed reealta. 

In the one oaee the anthrax grew with very great rapidity in the 
onltnre fluid, and the clear filtrate contained but a very i^l quantity 
of proteid matter Forty cubic oentimetrea of thia flnid waa injected 
into a rabbit, and the rabbit immediately inoonlated in the ear with 
yimlent anthrax blood; in two days there waa yery marked cedema 
at the aeat of inoculation, which inoreaaed to an enormona extent 
during the next few daya, and then gradually anbaided. The rabbit 
ia now perfectly well, twenty-fonr daya after the inocnlation. 

In the aecond caae the growth of anthrax had been yery alight; 
20 0 0 of the filtered fluid waa injected, and the animal immediately 
inoonlated in the leg with yimlent anthrax blood. In three days 
there waa marked cedema at the aeat of inooulation Thia apread up 
the leg to the back, ao that there waa enormona oedema occupying 
nearly the whole poaterior part of the animal; thia peraiated for ten 
daya, and then gradually anbaided. The animal ia quite well, twenty- 
eight daya after inoculation. 

Theae caaea are of intereat, aince they are obyionaly inatancea of 
partial protection. The animala are atill affected by anthrax, but it 
ia only aa a aeTcre local affection, and does not kill them. 


Presmtt, April 28(A, 1887. 

Tranaaotiona. 

Baltimore:—Johna Hopkins Uniyeraity. Studies (Historical 
and Political Science). Series Y. No. 4. 8yo. Ba/hmort 
1887. The University. 

Breslau:—Sohleaisohe Gesellscbaft fQr Yaterlandiaohe Cnltnr. 63. 
Jahres-Berioht. 1886. Svo. Sretlau 1886; [with] Bhisodendron 
Oppolienae, Oopp. Beachrieben Ton Dr. K. Gustav Stinael. 
(Ergansnngsheft.) Svo. Bre$lau 1886. The Society, 

Oambndge, Maas.l&rvard College. Muaeum of Comparative 
Zoology. Balletin. Yol. Xm. No. 8. 8ro. Cambridge lc87. 

The Museum. 

Edinburgh:—Royal Soottish Society of Arts. Transactions. Yol. 

XI. Part 4. Svo. Edtnburgh 1887. The Society. 

Gloucester:—Cotteswold Naturaliats'’ Field Club. Proieedings. 

1886-86. 8yo. Oloueeiter [1887]. The Club. 

London;—Royal Miorosoopical Society. Journal. December, 1886, 
and April, 1887. 8yo. London 1886-87. The Society. 
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Manchester —Goolopfioal Society Tranaoctions Vol XIX Parts 
6-7 8VO MancJietter 1887 The Society 

New York —American Geographical Society Balletin Vol XIX 
No 1 8vo New Forfc 1887 The Society 

Stockholm —Kongl Vetenskaps Akadomie Ofversigt Arg 44 
No 2 8vo Stotkhnhn 1887 • The Academy 

Zurich —Schweironsohes Polytechniknm Verzoichniss der Bibho- 
thek 8 VO Zurich 1887 Pi of B Wolf 


(Observations and Reports 

Ghemnits —IConigl Sachs Meteoiologisches Institnt Jahrbuch. 

1885 4to ChemnxU 188b The Institute 

Liverpool —Free Public Library Thirty fourth Annual Report 
8vo Lwerpool 1887 The Committee 

London —Boy-U Gardens, Xew Bulletin of Miscellaneous Infor 
mation No 3 8vo Lomhm 1887 The Birectoi 

Tiflis — Physikalisches Observatonum Meteorologische Beobaoh 
tungen, 1885 8vo Tifti* 1886 The Obeervatory 

Vienna — K K UniversitatS’Stemwarte Annalen Band IV 
Jahrgang 1884 4to Wtm 1886 The Observatory 

Washington —Smithsonian Institution Report 1884 Part 2 
8vo Wcuhtngton 1885 The Institution 

IT S Coast and Qeodetio Survey Report 1885 Parts 1-2 8vo 
WfuKington, 1886. The Survey 

U S Geological Survey Bulletin Nos SO-33 8vo WiuhmgUm 
1886, Monographs Vol XI 4to WoMhwgton 1885 

The Survey 


TOI. XUl. 
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ifay 5,1887. 

Professor 6 G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks oidered 
for them. 


In pnrsnanoe of the Statntes the names of the Candidates reoom* 
mendiHl for election into the Society were read from the Chair as 
follows — 


Bnchanan, John Younji, M A. 
Cash, John Theodore, M D 
Douglass, Sir James Nicholas, 

M.r.C E. 

Ewing, Prof. James Alfred, B.Sc 
Forb^ Prof. George, M.A. 
Gowers, William Richard, M.D. 
Kennedy, Prof. Alexander B. W., 
M.IO.K. 


King, George, M B. 

Kirk, Sir John, M D. 

Liodge, Prof. Oliver Joseph, D So. 
Milne, Prof. John, F.O S. 
Pickard'Carabridge, Bov. Octa¬ 
vios, M.A. 

Snelas, George James, F C S. 
Walsingham, Thomas, Lord. 
Whitaker, William, B.A. 


The following Papers wore read 


I. “ Report of tho Observations of the Total Solar Kelipso of 
August 211 l«8t5, made at Oarriacuu.” By the Rev. S. J. 
Pehuy, S.J., F.ILS, Received April 5, 1887. 

(Abstract.) 

Carriacon is a small island sitoated about twenty miles to the north 
of the island of Grenada, the chief of the Windward group, and 
furnished an excellent site for the observation of the last solar eclipse. 
Most of tho observers sent by the Eclipse Committee of the Royal 
Society to the West Indies 'in August of last year remained at 
Grenada, or on the small islands in its immediate vicinity, whilst 
Mr. Maunder and myself ocenpted the more distant northern station, 
where tlie totality was slightly diminished in duration. 

The work proposed for Mr. Maunder was to seoure a series of 
photographs of the corona, with exposures of 40s. and under, and also 
to obtan two photogiaphs of the speotmm of the corona with the 
longest exposures possible. The coronal pictures were successful, and 
they are at present in the hands of Mr. Wesley, Assistant Secretary of 
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the Boyid Aetronomical Hooieijr The resnlte of hie oerefal examina¬ 
tion, and of the collation of thur with other eclipse photographs, will 
form the subject of a later communication 1 he spectroscopic cameras 
mounted on the samo equatorial framework failed to giro any usefnl 
result 

The instrument used by myself was a 5^ inch eqnatonal by Alvan 
Clark with a Rowland grating 14,4't8 linos to the inch, and the work 
assigned by the Cummittie was an examination of thi s|)ectium of 
the inner corona immediately beforoand after totality and a smreb for 
the carbon bands during totniitj 1 was assisted by Sub Lieutenant 
Helhy, of H M S “ Sparmwhawk, who pointed the slit of the spec- 
trisoope whilst my undivided attention was givin to thi hnght lines 
in the field of view of the small observing telcsoopo Tht object 
glass cast a most perfci t pictnic of the coiona on tlie ahito enamelled 
cap of the silt plate, so there could have boeu'Uo diifacnlty m directing 
the slit to any assigned position 

In the search during totality for the carbon bunds » and /9, uhich 
sbonlil have been well witbin the field of view, extending as it did 
from wave hngth 5b00 to considerably beyond h the ralial slit wi s 
placed near the solar equator, at distances ftom the moon s limb isiy- 
mg from 0 1 to 0 5 of a solar diametoi, and was then lemovtd to one 
of the sun's poles, and placed tangentially at snccossive distances as 
before In none of these poMtions could I detect the slightest trace 
of the carbon bauds The conclusion indicated by these observations 
seems to be that the vapour of carbon, if present in 188C, was not of 
safficient intensity to make an appreciable impression on the iitina 
The dispersion a as oonsiderable, as I was using the second older of 
spectrnm with a power of about 4, but the fainter lines in the solar 
spectrum, and the coronal lines when seen, were so distinct, that I 
scarcely think the dispeision could have been exoessno 

The observations both before and after totality were greatly mteN 
fered with by the clouds and heavy ram, bnt although ram fell within 
a few minntes from the beginning and also veiy soon afti r totnhty, 
the snn seemed perfectly clear during the whole of the totality itself 
As soon as the sun broke thrungh the clouds and beotime visible on 
the slit of the spectroscope, Lieutenant Helby placed the slit at the 
centre of the rapidly dooreamng orescent, and tho first lino that 1 
detected was 1474 K, which extended to a distance of perhaps 8' 
from the limb Almost at the same instant I saw a mass of lines of 
unequal length situated on the less refrangible side of &, but m close 
proximity to it Their number I estimated at about 15, but I could 
form no idea of their relative intensities Thu observation seems to 
ftivonr the view that the absorption producing the Frannhofer linen 
takes place in successive layers of the solsr atmosphere, and not in 
any one layer ezolusively Within 20 b from the end of totality, the 

2x2 
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radial slit b<>ing aa near at poeaible to the point of reappearanoe, the 
whole field was crowded with bright line*, fifty or more being Fiaible 
in the sfaoi t M()ace between wave-length 5600 and h. I noticed no 
differoiice in the length of these lines. Clouds and rain soon put an 
end to all ehaiice of further obMorvations. 

Interesting bhetohrs were made daring totality of the outer 
streamers by Captain hfaaterman and Mr. Osborn, of H.M.S. 
“ Bullfrog," w ho botli used the cironlar disks arranged so as to cover 
the brighter portions of the inner corona. The instantaneous view 
that I obtained of the corona, most exquisitely defined on the white 
cap of the speonoscepe, and the rapid glance I took with an excellent 
I iiiocular, confirm the positions of the two prim-ipal rays drawn by 
Captain Masterman, but I ob>.ea.'ved at the same time a shorter ray 
he I wren the two, which appears otherwise to have csoapoil detection, 
und 1 noticed the leaf.shapod onrratnre of the ray in the north-a est. 

The darkness was never much less than that of a fair moonlight 
night. 


II “Note on the Mioroscopio StntCtnre of Rock SpecimenB 
from tbreo Penks in the OancafiuR” By T. G. BoNNKY, 
D.Sc., LL.D., ¥.11.8.. Professor of Geology iu Univetaity 
College, London. Received April 5, 1887. 

Although our knowledge of the petrology of the Caucasus has been 
considerably augmented of late years through tho Isbours of Abich, 
Favre, Tsolierraak, and others, so much ground still remains nu¬ 
ll odden among its monntain peaks that hardly any specimen can bo 
entiiely without interest. Those described in the present note have 
come from the following localities:—(1) The summit of Tan Tctnuld; 
(2) rocks from the upper part of Gnlnkn; (3) the summit of Elbrus. 

The specimens from Tau Tetnuld and Oulnkn were collected by 
Mr. W F. Donkin, dbring hia expedition in company with Mr. 
Clmton Dent in the summer of 1886, and to tho former I am indebted 
for the following note on the localities. 

“ Tan Tetnuld is one of the peaks of the central Caucasian chain, 
in the gfreat Koschtan-Tau group which lies about midway between 
Elbrus to the N.W., and Kasbek to the E 8.E. From Koschtan-Tau 
the main ridge forming the watershed rnn^ somewhat north of wet-t, 
dropping gradually in height; but for some three or four miles 
forming a magnificent wall on the northern side, covered with a 
snocoBsion of steep snow-slopes and hanging glaciers A long portion 
of this ridge, inolnding three more or leas well-marked elevations, is 
called Djanga; the next elevation on the ridge—a much more obvious 
one, forming indeed a symmetrical snow pyramid—is Tan Tetnuld. 
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From the north it appean to have a sharp ootiioal sammit, but it is 
reallj wedge shaped Farther westwaids the ndge foils contmnoasl}, 
a few rocky peaks protruding from it, to a well marked snow ool 
The dtainage fiom the whole of this nst wall from Koschtan-Tau to 
the oul inclnsire, collects m a baain, and flows northwards as the 
Besingi glacier The glacier is n.matkably level and fiee from 
loe falls, and appears to start almost duect from the foot of the 
wall, with bnt little sloping n4vt Its course is soon narrowed to a 
(Imnnel of some 1200 yards wide by spnis horn the high ndges 
running northwards on either side On the nest the ndge does not 
attam any great oleiation, bnt on the east the gl Kicr is bounded by a 
group of mountains culminating in the gi cat rtsk mass of Oninku 
This group IS completely sepaiatcd from the Koschtan Ian chain by 
the glacier basin above mentioned (Inlnkn itself is giaiiiiie in 
character, but the lower and sni rounding peaks and ridges arc 
schistose and shaly, in parts exactly like the Obep and Unter 
Rotkhom on the north side ot the Findelen glicici * Ihe upper 
rooks of Ouliikn are grey m colour and look very like granite from 
some distance below , then comes a belt ef whiter locks (A), and 
below that a well maiked red belt (11), both tliese belts aie con- 
tinnous and neaily hurirontai fn a lung way round the sunthern side 
of the peak Below the red belt the rucks ai-e daikir and more 
mixed (C, 1), and E) On the moraine on tlio oast side uf the Urban 
glacier, under Gulukn, vast masses of granite hail fallin many of the 
blocks recently It is hue grained, and uf grey culimr (h) ' 

(1 ) Tau Tetnuld —Specimen fiom the highest rocks about 109 
feet below the actual summit, which was covertd with snow Mr 
Donkin states that the lock traveised in the ascent appeared to lie 
exactly of the same cli iruoter This la a flat fiagmcut of a brownish, 
rather fissile, but strong, mica schist, about ^ inch thick aud nearly 
2 inches broad and long Uhe broad surlates are spangled with 
small flakes of a sihcry mica, and appear to be those of a ' cleavagu 
foliation ” Examined mitrOHcopically, the chief constitutcnts are 
quaits and mica, besides which an non oxide oconrs, fieqnently in 
small granules and rods, and moie rarely in larger giains The 
quarts and mica have a general elongated lenticular arrangement 
parallel with the broader surfaces of the fragment, and cracks 
traverse the slide in the same direction The quarts on applying the 
poloiising apparatus is broken up into a mosaic of difterent used 
grains united by diverse tinted margins, so that we are evidently 
dealing in each case with one or more grains which have been crashed 
up and re-cemented Canties are sometimts rather numerous, and 

• Near Zematt in the Pennine 4lpe Tbete •rbute are referred to the upper 
|QOit group tOraue kidkha ttge tkliwCer) m the crystaUine ler et of tlia Alps 
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occasional I j fend to range thpnuolvea porpendicnlarlj to the Hnea of 
cleuTage They are generally minnte, nometimeB stained internally, 
both ovoid and irregnlar in form, nsnally containing fluid, and with 
bubbluB which, as a rale, are about one fourth the volume of the 
(«vity, but nut rarely exceed this Some of the large grains exhibit 
the nanal indications of being in a atato of strain. 

The mica is brown, groeni-<h, or colonrlosa The first and second 
are biotite, more or loss altered The colourless mica resembles 
muscovite, but I think that at any rate some of it is a mngueaia- 
potash mica, possibly hydrous, a secondary product after biotite, the 
iron having sefin rated out Tina often remains between the cleavage 
planes in rods and plates. Possibly some of the smaller flakes of 
mica may be altogether of socondaiy origin, but 1 have no doubt that 
most of it, including all the larger flakes, is an orginal constituent. 
These flakes often affonl marked evidence of mechanical disturbance. 
They arc bent, twisted, crumpled, and m some cases crushed up. 
Portions of them, viewed with the {tolsrising apparatus, have a peculiar 
“ powdered " hsik, which I find very charactenstio of a mica that has 
been to a cei-tain extent crushed »« *»/«, so that, while the general 
outline of a crystal is preserved, there are constant ruptures of con- 
tiiiuity and slight displacements of the constituent parts. A few 
small mineral granules alim occur in the slide, some I am disponed to 
refer to epidote, otheia to a very impiin* garnet. 

(2.) The specimens from Oulnku were collected, partly tn n7« at a 
height roughly of 14,500 or 15,(HM) fei‘t above the sea, partly hum a 
moraine, ns abovo-montioned, on the Uihau ghioier; hence they rejire- 
sent a considerable mass of the monniain below the level just men- 
tioned. The highest point of Gninkn is about 10,500 feet above the 
sea. 

(A.) From the highest rocks reached. A small fragment of rock 
with indications of a slight cleavage, consisting of a poreeluin-white 
mineral irregularly mottlisl with one of a pale pistiiehio-green colour. 
The former on microscopic examination proves to be a plagioclastic 
felspar, considerably decomposed, bnt in parts showing very clearly a 
lamellar twinning. The extinction angles are generally rather small, 
probably oHgoclase predominates; miorolithio flakes of a micaceous 
mineral, and other doonmposition prodnots, are frequent. The other 
mineral is an epidote, varying from a pale yellow tinge to colourless, 
and rather impure It occurs in aggr^ted and sometimes rather fan- 
like gronps of longish crystals. There are also a few spots of a 
serpentinons or chloritic mineral. The meuhanical disturbance of the 
rook 18 obviously posterior to the oiystallisation of the felspar, as its 
crystals are cracked and even sheared, but, at any rate in the main, 
prior to that of the epidote. 

Ow/ukit (B).—A small fragovent of a coarse gneiasose rock, evi- 
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dently rontaining a oonmderable amonnt of a darkiflh mioa, on the 
weathered enifaoea redduh brown (the “red band’’) Under the 
mioroscope it » seen to (.onsiet chiefly of biotite, felspar, considombly 
deoomjioBed, m part at least pingtoclaee, and qnurts The biotite is in 
places alteicd into a gieenish chloritic mineral, in others is “bleached ’’ 
by pRi(in |7 with i(a iron A white mica howeier, which ooonrs in 
good 8i£ed flakes, appeals to bo an occasional ori^nal constituent 
The ruck has emlenlly been much crashed The quartz is cracked 
and displaced, the felspar has been broken up and paits of the 
oripr>»<il crystals arc now occnpicd by a sort of iritgular mosaic oi 
miztiiie of fclsiar, qnartr, kaolin, and white mica J ho felspar 
ciystals are occasionally interrupti d by ronndish incliisiuuH of qnartr, 
such as one often secs in the oldest gneisses Ihose may be of 
secondaiy oiigin but 1 And nothing to pro\ o it llio oiigiiml qnartr 
groins, wheie adjacent to the crushed felspar, appear to hive been 
augmented by secondaiy deposits of quaitr in optical continnitv 
lh( mica in paits of the slide shows marked indications of rnoi hauical 
distuibance and a reddish garnet at the edge has been distinctl} 
ciuslied out as is more fully desciibed m (C) 

Gnlul n (C) —1 Ins specimen, in shape roughly a right rhoraboidal 
prism about 1 x 1 X ^ , has for its larger faces paroUol joint 
suilaces two others are sheen snifates,’ paralkl with which the 
frti tured facts exhibit a foliated strnctuie The rock i^piars to be a 
strong rather compact mica schist, dark in ooloui, with a few very 
thin lightei-tiutcd bauds 

1 he principal minerals are quarts, mica, garnet, iron oxide and a 
quantity of a brownish mmeral, sometimes yeiy hbrons Iho quait/ 
occurs mostly in granules of moderate sise, occasionally inclnling a 
little minute rntile (’') and mica It is on the whole fairly clcnr, bnt 
111 10 and theie cavities arc pretty numerons These fuqncntly con¬ 
tain bubbles which, though very variable in relative sue are gene- 
lally Biiialler than m the iau letiiuld lock, perhaps cimmonly about 
one sixth or oiio seventh of the whole volume Tlie mica constituent 
18 chiefly biutitc or its alteration products, often a greenish chluntic 
mineral, sometimes a whitish hydrous mica, both with interlamination 
of iron oxide The garnet is colouilcss in thm sUces, and occasionally 
exhibits, along cracks, alteration for a short dutaiico into a chloritio 
mineral Some of the larger grannies of iron oxide are hematite 
The pale coloured lather fllmy or fibrons mineial is certainly in some 
oases a secondary product a^r a felspar, the nsnal aggregate of a 
minute micaceous or kaolinitio mineral Other parts, however, con- 
sisting of narrow undulating bands of an aggregated fibrons mineral, 
like a small lot k of wavy hair, I was at first disposed to regard as 
fibrolite, bnt after repeated examination 1 am unable to deoide 
They resemble in some respects a fibrous mica, bnt their extinction 
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does not appear to agree with thia mineral (though aoonrate mearare- 
ments are difficult to obtain) for it aeema marlcedljr oblique. 

It is evident at a glanoe that thia rook haa been subjected to a great 
preaauro normal to the oonapiouona foliation. Tho garnets havo been 
cracked and crushed out, so as to have become elongated ovala in 
shape. A glanoe at the diagram will render a more minute descrip¬ 
tion needless, and will show that the garnet was more or less flattened 
put before it broke. The quarts grains also are cracked, being some¬ 
times only a little, sometimes much displacedl This mineral, however, 
does not appear to have been so completely crashed up as in tlie Tan 
Tetnnld solnst. Occasionally a small grain, ai^acent to the (onginal) 
felspathio constituent, haa escaped altogether. The- felspar has, 1 
1 elieve, often been crushed out, and then converted into the above- 
named microlithic mineral. The lai^ger mica flakes are twisteil about 
in the manner usual in a rock which has been crushed. Study of 
this slide seenui to me to show conclusively that this rock, ante nor to 
tho crushing, was a moderately coarse crystalline rook, consisting 
chiefly of quartz,, fclspai, biotite, and garnet, probably a rather mica¬ 
ceous gneiss. 



Oaniet, iquMMd out and crat-ked | inrroanded by biotito, quarts and thu fibrolitic 
minural. x 25 diam. 


Ouhtku (D).—A small fragment of a micaceous granitoid rook. 

Except for the greater abundance of biotite and tho smaller amount 
of quarts this rook is closely allied to the next desenbud ; tho felspar 
is a little more decomposed, and small garnets are rather more 
numerous. With these modifioations the description given below 
applies here, and this rock, too, has evidently undergone about a similar 
amount of mechanical disturbance. Another small fragment from 
about the same level oontaina more white mica, but as the general 
aspect suggests no important difference, and it is not a vory promising 
specimen, I have not had a section made. This ooonrs at a slightly 
lower level than (B), and the two are about 100 feet below (A). 
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OuIhIu (V)—Section from one of two epeoimens representing 
nnmerooB large blocks of granite fallen from west side of Onlnkn 

Ihis 18 a fairly coarse grained rock chiefly conaisting of a white 
felspar and dark mica, not noh m qnartr The mica is mainly 
biotite in good pieserration There is also a certain amount of a white 
mica whiih appeai-s to bo an oiiginal constituent and to belong ti 
the muscovite group. The felspar is ocoasionally replaced by kaolinite 
and micaceous minerals, but mnob of it is in good pnseiration, 
sometimes one part of a cijstal is redneed to an ‘ eirthy ' condition, 
while the rest is quite fresh Most of the oi^stals show the tuinning 
of plagioclase, generally on the albite type, but occasionally on the 
pencline One of the grams appears to bo microoliue I bavo 
measured the extinction angles of several parallel 1 imelle, it is 
diffienlt to get veiy satisfuetoiy results, but, as in two of the best 
cases, thty appear distinctly too laige for albite, between 3U* and 40*, 
the felspar is probably ohguelase There are two. or three small 
colouiless garnits, with, ptobibly a little apatite The qnartr oontaiiis 
oantiiB,.in which small bubbles aie usually present, about one sixth or 
one>seveuth of tlio volume 

This rook has evidently been subiectod to a certain amount of 
mechanical distui banco since its consoli latioa Th‘o qnartr grains 
ate Clacked and show stiain polaiisation The felspai laraolle are 
oceaMouully Unt, now aud Uieu ciaeked across, but the efleets are 
slight compared with the other cases 

Mr Donkin also collected a Bpeeimen some miles fuithcr down the 
valley which resembled the rock m a neighbouiing cliff Ihm ap¬ 
pears to be a loddish lather fine grained fvlspaihte gianito, but as it 
was not obtained %n t\tu 1 have not had a slue prtpaied 

The evidence of these specimens does not appear sufficient to 
warrant anypisitive statement as to the oiigin of tliow Caucasiau 
locks The stiuoture of ono (Dj seems rather to favour the idea of 
its having boon a tiuo granite (ts, au igneous rock), the same is 
true also of (h) , while in another (I)) there is a structure, whiih 
I have some iiason to think eliaiaeteiistic of the Archman gneisseS * 
Bat in the pieseut state of our knowledge it would be unsafe 
to roly toj much upon the latter cnteriou, because we do not 
yet know what modifications may be introduced bv subsequent re- 
auangementof mineral constituents It has indeed been pioved lu 
the ease of hoinblendio rocks, that the ongmal stmetures, ebaraoter- 
utio of oiystal lisation fi om a state of fusion, may be wholly obliterated, 

* The Mms diffirnlty exiili m the oew of loiiie of the more liighly oi^ilalline 
roeke of the Alpi Fsvre (' Recheivhee—Chatne du Ciiaaaee,’ p 70) itatoi th it the 
oentral port of the Otuuuu* u ‘ gnuute ’ which he oomperee with the protofine of 
the AIpe, with a oonuder^le bilt of oiyetalline erhuti on the north end an inter¬ 
mittent one of the Mme, followed by ilatee, on the south 
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the mme may take place also with granitir rooks Still, eren if this 
mole of metaniorphism has occorred, theie is some leoson to believe 
tliat it dstea usually, if not invariably, from a very remote period 
We tan, however, in my opinion venture to assert that these Can- 
cnsiau 1 jcks, after they hail assumed a crystalline condition, under- 
wtnt firront ptessures reyi^onal rather than local in their operation, 
which to sime extent (rushed the constituents and gave rise to oer< 
tain mint rd changes It seems then a legitimate inference that in 
this part of the Caucasus, as m the Alps, the fundamental rooks con¬ 
sisted of crystilline locks of more than one type, at a period long 
antPi lor to the operation of the pressures which folded this part of 
the eaith's crust an 1 uprtared tlie mountain lange 
• (1) Ihe huge mass of hilbms appeals to consist mainly of loloanio 
rock, and is crowned by two ciater peaks almost eqnal in height Of 
these the iastern which is believed to be very slightly the lowei of 
the two was ascended for the fiist tune on July list, 18<i8 by Messrs 
Fieshfleld and Minin On thismcasion the western summit was so 
entirely cone aled by clouds that its existence waa not even suspected 
The western summit was fiist ascended on July 2)th, 1874, by 
Messis Giove and Walker Its “crater considerably exceeds in sire 
that (m ihe twin summit, and is probably about | of a mile in 
diameter The wall is perfect for some two thuds of its formei 
ciienif, but on the south west side a vast piece has fallen away, and 
a gieat glacier now 6ows down from the gap’ Ihe little peek 
forming its highest point, jnts up on the north eastern segment of 
the hath Its height above the sea, according to the llossian snrvey, 
18 18,^2b feet, the eastern summit being 95 feet lowei Ihe col 
lietweon the two summits, according to Mr Grove, is about 17,*150 
feet The specimen colleetcd by Mr Walker was from the highest 
rocks iiaveised on the western peak, peihaps about halt way between 
the col and the summit It is a longh sUb of a gtoy lava, with 
oceasional small irregularly shaiied vesicles, and scattcied crystals of 
a whitish felspar up to about ^ mob in length The weathei-ed paits 
are of a ligbtish-brown colour 

Microscopic examination shows that the rook has a clear glassy 
base oroweied with minute lath like felspar microliths, apparently 
oligoelase, and occasional specks of opacite and aggiegates of femte 
possibly some minnto granules of a pyroxenio mineral are present 
To the same epoch of consolidation may belong some occasional 
elongated crystals of a light-coloured hornblende, bnt this is nnoertwn 
—there are a few grains of iron oxide, probably hematite The largei 
crvstals in the slide certainly belong to au anterior consolidation—these 
are (1) a dark brown hornblende, often with rounded outhne, and 
sometimee blackened with inolnded opaeite, (2) a felspar, which 
generally resembles labradonte or andeaine, bnt in one or two oaaea 
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may ponsibly be* Banidine. It is often mnnded or broken in outline, 
is alwayH f^'roatly cracked, and oontatns many iiicIuHiona of a pale 
brown glass. One grain, indeed, consista very largely of glass, in 
wliiob the crystalline parts are, so to say, embedded. Tins suggests 
that tbe mineral bas been melted down in titu along the linos of 
natural fracture, rather than that it has incorpomtesl the glass in 
crystallising There are oceasiunnl cavities in the felspar, with 
babbles varying in their rolnlive biae, which do not move. Grains 
of qnartz, as observed by Tschermak (‘ Mineral Mittheil.,’ 1872, 
p. 1(*8) in specimens brought by Favre from the lava streams lower 
down the niountain, do not occur in this specimen. A fluidal structure 
is Ijurely indicatcil. The rock may bo named a hornblunde-andesite. 
1 have com]inred the slide with one from the upper part of Ararat 
(lent me by Professor Judd), and with my own collection of andesites 
and allied rocks from Auvergne, Germany, Hungary, Italy, Old 
Providence Island, and the Andos, but it diiTers vanitally from all. 


III. “ On tlio nistrilmtion of Strain in the Eaith's Cruet reeulting 
from Secular Cc'oHng, with special Hofereiice to the Urowth 
of Continents and the Formation of Moimtaiii'Chains.’’ By 
CaARiJW Davison, M.A., Mathematical Master at King 
Edward’s High School, B'nmnghnin. Cominuni(*ated by 
Prof. T. G. BonNEY, D.Sc., F.R.S. Ueceived April 7, 1887. 

(Abstract.) 

Tbe psper is founded on — 

1. Sir W. Thomson's and Professor O. H. Darwin’s researches on 
the rigidity of the earth. 

2. Sir W. Thomson’s investigation on the secular cooling of the 
earth. 

3. The contraction theory of mountain formation. 

I. The DietribuHon of Strain in the Earth'e Cruet reeulting from 
Secular Cooling. 

The following problem is solved:—A globe, of radius r, is snr. 
rounded by a number of oonoentric spherical shells, called A|, A(, 
A,. . .of tbioknesa a,, oj, Oj .... rea|iectively. The globe remain* 
ing at its initial temperature, the shell A| is cooled by ti°, tbe shell Aj 
by if, in tbe same time, and so on. The linear ooeffluient of expan* 
sion being s, and the same for all the shells, it is required to find the 
distribution of strain resulting from this method of cooling. 

An expression is found giving the change of radius of the inner 
snrfaoo of any shell. Supposing all the shdls to be of equal thiok* 
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neaa a, the change of radius of the inner snifooe of the shell is 
proportional to 




I [(r+ »!«)’(<«+,—f,) + (r+M-I + 


+ (r+ af(tt —<,) + r*/,] 
i 0 , if the shells be infinitely thin, to 


(r+ii«)*r ** 


( 1 ) 


(^) 


t b'-ing propoitional to the rate of cooling of any shell 

If this expression be positive for any shell, the shell is stretched, if 
negative, it is cinshed or folded 

1 o apply tins problem to the case of the earth, the law of cooling 
taken IS that which tollows from bir W rhomson’s solotion, in his 
memoir on the secular cooling of the earth 1 he ex]>res8ion in the 
form (2) proves nnservieeable, and therefore the expression (1) is 
made tise of as follows — 

lakmg the time since solidification provisionally at 174240 000 
yuin>, it 18 shown that the rate of cooling (dvjdt) is piaetically insen- 
sible at a depth of 400 miles 1 he radios of a sphere equal to the 
eaith in volume being abont3959 miles, the earth is supposed to be 
constituted as follows —A central globe 3559 miles in ladins, at the 
initial temperatuio of the eaith, whuh as jet has not sensibly 
cooled, Buiionndod by 400 eoncentno spherical shells, each oue mile 
in thickness, the rate of cooling in each shell being nnif >rm through 
out, and equal to its value at the ontei surface at that shell 

1 he results of the caleulati in are shown by the curve in the figure 
accompanying the paper, and the following conclusions are deduced, 
taking the time since consolidation provisiunally at 174 24J,0u0 
jears — 

1 Folding by lateral pressure takes place only to a ceitain depth 
(about five miles) below the earth’s surfiice, and below this depth 
changes to stietobing by lateral tension 

2 Stretching by lateral tension, inappreciable bilow a depth of 
4X) miles, increases from that depth towards the surface, it is 
greatest at a depth of 72 miles (»e, jnst below the depth at which the 
rite of cooling is greatest), alter this it decreases, and vanishes at a 
depth of about five miles 

3 Folding by lateral pressure commences at a depth of about 
five miles, and gradually increases, being greatest near the surface of 
the earth 

No great importauoe is attnbnted to the nnmencal results The 
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oonolnsioni aro given for their qualitative rathei than their qnantita* 
live value Thej depend alao on the auamption that the earth’s 
surface is smooth and spherical 

Ihe f lUoaing laws are also shown to he approximately true — 

1 The depth of the snrfaio at which folding by lateial pressnre 
lanisbea, and the depth of the surface at which stittching by lateral 
tension is greatest, both incieaso as the squaie loot of the time that 
has elapsed since the consolidation of tbn glolie 

2 Voiding by lateral pressure was effected most rapidly in the early 
epochs of the world s history as a solid globe and sini o then, the 
total amount of rook fildol m any given time decreasca nearly in 
proportion as the square root of the time increases 

3 A law, similar to No 2, for sti etching by lateral tension 

II The Ri i 0 Ftehei'e Argument on the Ineiifictency of the Contractum 

Theory 

The argument is described (see * Phil Mag ’ for Feb, 1887) It 
IB shown to lie inconclusive on the following giounds — 

1 It assumes that the cooling of the eaith to its pusent condition 
was instantaneous 

2 If iiistantane lus cooling wero possible there would, it is shown, 
be no folding at all, but only stretching by lateral tension 

3 It assumes that the eaith’s surface was initially smooth and 
spherical, whereas Professor B Feme and Professor O II Darwin 
have both shown that vast continental wrinkles would be formed on 
the snr&ce of a once riscous eaith by the diminishing velocity of 
rotation resulting from tidal fnotion 

III The Effects of Crust-strrtchtnq and Folding on the Evolution of the 

Earth's Surfaoe feafurts 

1 Owing to the pressure of the continental mosses, crust stretching 
lateral tension takes place principally beneath the i^an-basins, 

then fore deepening them and contributing to their permanence This 
effect must have been greatest in early geological periods, when the 
surface of gieatest stretching was close to the surface of the earth 

2 In another part of the paper it is shown that the amount of 
omst-stretohing is considerably greater than the amount of crust* 
folding, duo directly to sc nlar cooling Folding beneath the ocean* 
bed will therefore do little but diminish its rate of subsidence The 
effects of folding in changing the forms of the earth’s surface features 
must be most apparent in continental areas, especially along those 
coasts where the slope towards the ocean-depths is most rapid (» s, 
u the districts where earthquake and voloanio action are known to be 
most prevalent) In the coast regions, also, the products of oonti* 
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nental denadatiou are chiefly deposited Hence, the contanents grow 
by the formation of mountain-chains along then borders 

3 The rate of mountain-making, and therefore also that of conti¬ 
nental evolution, dimmishes with the mcrease of the tune 


IV “ Note on the Geological Beanng of Mi Davwon’a Paper” 
By T G Bonnfy, I) Sc , LL U, F H S, Professor ot 
Geology in Univ ereity College, London HcceiTed April 7, 
1887 

The nsnits obtained by Mr Daiison throw light upon one or two 
msttira in regard to the petrology of the oldir rocks, which have 
alwa} s appeared to me difiieult ot explanation 1 venture therefore 
to add a bruf note to hig paper, written horn the point of vuw of a 
giologigt He throws light especially on the h llowing matters — 

(1) Among the older rocks the gieat foldings and their lesultg, 
such as cleavage, appear to hfvo occurred when the beds formed the 
uppci Ia>ei8 of the earths crust Thus the Oidovician rocks of 
Ninth Wales were oliavtd anteiioi to the deposit of the Siluiian, 
the Carboniferous, and other Palsoosoio rucks of South wigt 
Britain and Bntanny were plicated and cleaved, geologic illy 
speaking, shortly after tluir deposition The great foldings in 
the Scotch Highlands occurred, in great pait at least, in Siluiian 
time Iho diaturlmnie of the Lake Distiict rooks resulting in 
cleavage, must be placed between the end of the Silurian and the 
very beginning of the Carboniferous, that of Southern Scotland, 
between perhaps yet narrower limits The first epooli of mountain 
making in the Central Alps, with its plication and cleavage, imme- 
dmtely followed the deposition of the Loecne rocks Ihe list might 
easily be extended 

(2 ) Thtf ciystalline substratum often appears to be less modified than 
the overlying softer and more recent bu^ This I had attributed to 
the greater resistenoy of the former, but then could not see how to 
explain the foldings of the latter, if the others were comparatively 
nncompressed This, however, aooords with Mr Davison’s results of 
the diminishing effects of compression, while the fact that in early 
geological times the “ neutral sone ” betwee n compression and tension 
was comparatively near the surface of the earth, mav explain the 
frequent parallel arrangement of the minerals in the older Archtma 
gneisses I do not now refer to the more marked changes, such as 
the intercalation of csloareous or micaceous luoks, of more fcispatbio 
or qnartsose layers whereby a stratifioition is simulated, if it be not 
recorded, but to the fact that \ory often a general parallelism may be 
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noted in the flakea of mioa or any other mineral of somewhat like 
foim 8oattt.rod tlirongh the maM of the rook, aometimes appioxiniating 
to a banding of the ooDhtitnents, withont any indication of tins bring 
the result ot cmshing In regard to this paiticnlai stratture, it is 
worth notice that it often lies in planes making a low angle with the 
horizon 

(3 ) The same lesnlt may help to explain the nssei tion so fieqaently 
made, that among the older rocks the foliation (or minoi niineial 
banding) i<> commonly parallel to the fappaieut) st ratitication (nr 
ma]or mineral h lndlng^ 1 his also I have noticed in casos wl ere 
either thore was no indication ot subseiiiient cinshing, or the latter 
had not eff iced, and its otfe isci uid bo di tinguished fioni the eailiur 
structure of the rock I once suppubcd tins paiallelism ami tc demy 
to horizoutality to be duo to the might of suporimpistd bids but for 
some time have been dissatisfied with this explanation, bcciose I could 
find no evidence that any heavy buidcn had been laid upon the older 
rocks till long aftei they had assnmed a foliated structari lension, 
however, would probably produce the strnctnio at least as leadily as 
pressure, and the formci of comae would, as a inlo, act [aialkl with 
the surface of the c<irth’sctast while comptcssion should be exhibited 
oomnumly lu planes making a high angle with it 


V. “ Note on some Experiments on the Viscosity of Itc ” By 
J F Main, MA, DSc Communu iitod Pi of W. C. 
Unwin, F.R.S. Received April 13, 1887. 

(Abstract) 

The paper contains an account of some oxpenments on tho con- 
tmnona extension of bars of ice subjected to tension, made during 
the last winter in the Itngadine To eliminate the influence of rege* 
Jation, tho expoiimenta have been earned on at such low temperatnies 
as preclude the possibility of any efFcot being piodnced by this cause 
The highest temperatures during the experuneuta were — 2b“C in 
Experiment I, — lO^C in Exjierimeut II, and —0o°G in Expe¬ 
riment 111 Those maximum tempi ratuies only obtained for a very 
short time on one or two days 

Ihe bars were tested in a compound lever testing machine with 
aoourate knife edges, the load being a known weight of shot The 
whole spparaiua was enclosed in a double wood box A delicate 
theimometer graduated to tenths of degrees, attached inside the box, 
gave the temperature at any given time, and the range of variation 
of temperature was recorded by two maximum and luinimnm ther¬ 
mometers, fi<ei inside id the loof of the inner box To obtain loe 
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free from air water waa boiled and then frozen It waa then melted 
and again frocen in a mould Some difiBcnlty waa found in holding 
the ifp bars in the testing machine The mode which answeretl boat 
waa to free/e the ends of the ice bat into corneal metal collnra, which 
fitbd the aliacklcB of the machine Eixtcnsions were meaaarod by 
vernit t c illipera leading to one Afticth of a millimetre betaecn marked 
points on the me tal collars To determine if any appreciable effect 
was due to distortion of the enlarged enda of the bars in the metal 
collars puces of paper were gnmmcd on the loe and the extensions 
also meaanred between fine pcniil marks on these puics of paper It 
was found that nearly all the strotchiug obseivtd in measuring 
b»tneen the inetnl collars was duo to stretching of the bar of ico, and 
only a \eiy small pait to shearing action in the collats In oonse 
quonce of rapid crapt ration fiom the snrfare of tho ite bar, the stress 
with a fixed load on the lever mcieased ftom day to da^ 

Three expiriments aio given on bars initially about 2S4 mm m 
length loaded to stresses of from 4 3 to 2 0 kilos per square cm 
and lasting from four to nine days 

Tho three expcriineuts show that loo anbjected to tension stretches 
oontiuuously by amounts which depend on the temperature and the 
tensile stress When the stress is gieat and the temperature not very 
low, there are extensions amounting to 1 per cent of the length per 
day So continuous and definite is the extension, that it can even be 
measured from horn to hoar Iheso extensims took place at tem 
peratuies which preclude the possibility of melting and regulation 

The author hopes that on reanming the expoiiments next winter 
at St !Mont2 he may be able to determine more exactly the 
law of the extension He has shown already that the extension 
increases continnonsly with all stresses above 1 kilo per square cm, 
and at all temperatures between —fi’C and freezing When loe 
18 in a condition such that the point of a needle will cause a set of 
radiating fractures to pass ftom the point of contact in all directions, 
it stretches as certainly, though not by so gieat an amount, as when 
it will permit the passage through it of the same needle without 
showing flaw or scar 

In the first expenment there was a total extension of 11 mm in 
mne days, in the second of 18 mm in five days, m the third of 
1 7 mm in three days If we assume the extension proportional to 
f he time, there was a mean daily extension of 1 2 mm, 0 36 mm, and 
0 56 mm respectively The stress m No 1 was greater than m 
Nos 2 and 3 and the temperature not so veiy low in the day, though 
low at night In No 3 there was a low stress, but oomparatively 
high temperature 
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VL “ The Tubercular Swi'llings im the Roofs of the Legu- 
minoBesB.” By H. Marshali. Ward, M.A., F.L.S., Fellow 
of Chriat’B College, Cambritlge, and Profefwor of Botany 
in the Forestry School, Royal Indian College, Cooper’s Hill. 
Communicated by Pi-of. M. Foster, See. ILS. Received 
April 25, 1«87. 

(Prehminary Note.) 

The author finds that the tuberolos on the roots of the Legu- 
minosen are dno to the action of a parasitic fungns. Not only has he 
produced the tabercles by infection from without, but he has also 
found the infecting agent, and repeatedly seen and figured the infect* 
ing hypha passing down inside a root-hair and across the cortex of tho 
root into the yonng tnlxTcle, Hero the hyphal brandies bud off 
yeast-like colls, which ate exti-emely minute and numerous, and 
resemble bacteria at first sight; they differ in their mode of multi¬ 
plying by buddmg. 

The action of these minute germ-liko bodies causes tho protoplasm of 
the cells of tho root to assnme plasmodinm-hke characters, and 
induces tho flow of nutritive substances to those coUs, and hypertrophy 
resnlts. On the decay of the tubercles, tho germ-like bodies pass 
into the soil (where they can always be found) and infect other roots; 
it is very probable they may be of extreme importance in agriculture. 


VH. ‘‘TheProtcidsof the Seeds of Ahrm preeiiioniu (.loquirity).” 
By Sidney Martin, M.D. Loud., Fellow of University 
College, London, and Pathologist to the Victoria Park 
Hospital. Communicated by Prof. E. A. Schafer, F.I^S. 
(From the Physiological Laboratory, Univei-sity College, 
London.) Received April 21,1837. 

The proteids of the semis of Abrus, the Indian liquorice, are im¬ 
portant physiologically, because they have been shown (by Warden 
and Waddell*) to be possessed of poisonous properties. To the 
poisonous product extracted by these observers the name “ abrin ” 
was given; and though it was decided that abrin was closely allied to 

plant-albumin,” yet no experiments were recorded to show whether 
Hie product was a mixture or a single protoid. They obtained it by 

* ' The Non-bsoiIUr Nature of Abrui poieon.' C. S, E. Warden and L. A. 
WaddeU. Colontta, 1884. 

TOL. XLII. 2 B 
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mslcitig a watei j extract of the crashed seeds and preoipitating with 
aloohol, the precipitate being afterwards collected and dried 

Before proceeding to an examination of the physiological action of 
the jeqninty, it stemed to me desirable to determine the kind of 
proteids pnsint in the seeds and the present oommnuication em 
bodiiB the results of the inqnii les made with a view to such deter 
miuation 


M tiol f Lxh tettm f the Proteids 
The mithol nsed was based on the snppoaition that the proteids 
pKsent in Ahrus w(ie siinilat to thiso in othir sttds, consisting 
chiefly of pi< tcids of the globnliii and albumose classis 

The finely ground stods vriie shaken fiiit of all with dthroform to 
remoie the red cntide which sinks in this liquid so that tin jcllow 
kernel poadci conld bo i caddy iimoiid and obtained m the dry state 
by allowing the chloroform to ovapoi itc 

The powder obtained was then oxtioctcd with 15 per cent sodinm 
chlotido solution for twenty four honiti and the mixture faltered The 
yellowish filtiate woe distinctly noid and gave a c jpions precipitate on 
boilmg Ibe pioteids weie scpai itcd fiom this filtiate in two 
ways — 

(1 ) Satnistion with nential ammonium sulphate and shaking for 
foni honrg throws down all the proteids in solntion the filtrate, after 
aatnratinn, giving none of the proteid tests 

(2 ) Saturation with sodinm clilriide and shaking for many honrs 
gives only a scanty piecipitate, which becomes copious on adding a 
large excess of glacial lectio acid All the proteids are only with 
difficulty precipitated by this mode of satni vtioii even after piolongod 
shaking 

Since ammonium sulphate so readily throws down all the proteids 
in Bolntun the precipitate caused by it was used in the following 
manner in the examination of the proteids —Iht prcoipitate was 
collected and dissolved by adding distilled water, and the solntion 
dinlysod in innning water (with thymol) for five to seven days 

Dialysis cansed a copious precipitate which was collected and 
washed with distilled water (pievionsly boiled to rcmoio carbon 
dioxide) until no pioteid in solution was piesent in the washings. 
The piecipitato was then dried ovei sulphniio acid The residue was 
in dark brown scales It consisted of globulin with some oolouiing 
matter 

It 18 not possible to remove all the globnlm by dialysis, so the 
liquid, after dialysing for seven days, was lilteicil into rectified spirit, 
which precipitated the remaining pioteids After standing under the 
alcohol SIX to eight weeks the glohnhn was coagulated, and the preoi« 
pitate was collected, dried, and tieated with distilled water, winch 
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‘duadred oat » pi oteid Thu proteid u an albamose The chlonde 
of Bodiom method may be need iiutead of the ammouiam aolphate, it 
takes a longer time, but gives prodnots freer fiom colouring matter 

For ohemieal examination, the albumoso is readily ptepared by 
boilmg and filtering an aqueous infusion of tho seed The globulin 
M ooagnlated while the albumose lomains in solution 

Property« of the Globidm 

1 It M insolnble in distilled watci, but leadily solnhlu m 10 to 15 
per cent sodium chlonde or magnesium sulphate solution , soluble to 
a less extent in 5 pei cent sodium chlonde solution, and scaieely at 
all m 0 75 per cent 

2 It 18 completely piecipitatcd from solution by situialion with 
sodium chlonde aftei slightly acidifymg, and mth ammonium 
sulphate, whethei tho solution be neutral, acid, or alkalitio 

3 It is coagulated by boat in 10 poi cent magne siurn sulphate 
solution, between 75® and 80 0, the liquid being mado distinctly 
acid, in 10 per cent sodium chloride, between W>® and 71* C 

4 When the solution in 10 per cent sodium tbiuride is placed m 
the incnbatoi at 35° to 40° C, and allowed to nmain twenty toui oi 
even foity eight hours, no precipitation ocouis, a rtuetion in marked 
•contrast to that given by some vegetable globulins In its high 
■coagulation temperature, and m its nun>proeipitatiun from solution bj 
prolonged exposure to a model ate boat, abrus globulin agiees with the 
proteid I have described in tho jnice of tho fiuit of Carifi payaya, 
which, from its resemblance to seium-globulin, T have citll^ vege¬ 
table paraglobnlin * Tho vegetable myosins ocean ing in the etreals, 
wheat, rye, and barley, have a lowci coagulation temperature than the 
^araglobulins, vis, 50’—55° C ,aad are precipitated from solution and 
Tendered msulnblo by a piolongsd exposure to a temperature of 35*— 

40* Ct 

Froptrlice of the Albumuae 

1 Soluble m cold oi boiling distilled water Its chemical and 
physical properties aio not apparently altered by boding its solution 

2 It 18 not piecipitated fiom solution by saturation with sodium 
•chlonde unless a large excess of glacial acetic oi phosphoiio acid be 
added It is readily precipitated by saturation with nenti il amiqo- 
unm sulphate 

3 It does not form an albnminate 

4 Nitric acid does not precipitate it in a watery solution, bat a pre¬ 
cipitate falls if solid sodium ohioiide be added neaily to sataration 

* ' Nature ot Fapaln to Joum of Fhytiolvol 0 p 953 

* Physiol Soc Froo ’ Feb U 1887 

2 H 3 
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5 Aoetio acid canses a oloadineaa, which is incnased by potassinia 
ferrooyamde 

6 ^pper sulphate and basic acetate of lead cause precipitatesr 
soluble in excess, mercuric chlondr, a piecipitate msolnblo in excess 

7 Coppei sulphate and potash give a pink coloration (biuret 
leaotion) 

hor the albumosis occurring in the vegetable kingdom I have 
propose 1 the name phytolhumoses, as they differ in many rtspects from 
the animal vanoties 

The phytalbumose in Abrus is closely allied to Kuhne and Chit¬ 
tenden s deutiru albnmoso,* and identical with the » phytalbumose 
occurring lu the papaw juice t 

There are therefore, two proteids in the seeds of Abrut pteeaiortuif 
a vegetable paraglobnlin and m phytalbumose In conjunction with 
Dr Wolfenden I am now engaged in investigating the physiological 
action of each of these proteids, and hope soon to publish the results 
Vor the present it will be sufficient to call to notice the close resem¬ 
blance between the proteids of the papaw juice and those of jeqninty, 
since their physiological action appears to be in many inspects similar 


VIII « On the Diameters of Plane Cubics Prohmniary Notice " 
By J J Walkfr, F R S Received April 21,1887 
I showed some time back (‘ London Math Soc Proc ,’ vol 10, 
pp 184-5) that the Newtonian diameters of a plane onbio (u) 
envelope a conic, called hereinafter its “ centroid, ’ the equation of 
which, if in the system of oo ordinates chosen the line at infinity be 

(*+>nf+i» = o, 

IS generally * 

* Idy* da \dyjzj “^\dadxdxdy di? dy daj^ 

The “ centroid haf the some “ entenon function, ’ but with 
changed sign, as the cnbio, vu, it u equal to minus one fourth of 
the reciprocal of u, with the substitution of f7]^ for , i s, if u be 

written 

B = o*^ + 5y*+ea*-|- +(iexya, 
the entenon function is equal to 

-(6Vf«+ )/4. 

* Kahiw sad Chittenden, XTeber Albomocen Zeitcohr fOr Budogie,’ 
vol JO 

t Nature of Vspsln 4r Jonm of Pbynol vol 6 p 34i 



385 


1887.] On the DiatneUre of Plane Cubtee 

«o that the centroid onta the line at infinity m two real, coincident, 
or imaginary pointa, aocoiding aa two of the three intersections oi 
the cubic with that lino are unreal, coincident or real 

The diBcruninant of the centroid is, similarly, equ il to minus one 
fourth of the square of the “ Cayleyan ” of the cubic, with the same 
eubstitutions 

A diameter is the loons of mean points of a systim of parallel 
ohords, which may be called “its" chords, but through any point 
paas two chorda which have that os mean point Considering the 
points then on a given diameter, its own chorda through those points 
are all parallel to the polar of its own mean point with lespoot to the 
“centroid,” which polar is itself a double choid, the oth r system of 
ohords touch a parabola which is touched by the diameter itself at its 
own mean point, vu , for that pomt the diametci is itf>elf the chord 
of the second system, and the connector of that pomt with the centre 
of the “ centroid ” la a diameter of the parabola lo eveiy diameter 
of the cubic corresponding to a parabola, the cm elope of all these 
parabolaa is a qnaitio curve, while the double choids which art 
otheiwise distinguished as those having their mean points on the 
“ centroid,” envelope a second cuspidal quartio 
The locna of the mean points of the diameteis of the cubic is a 
second cubic, having a node at the centre of the “ centroid, ’ and its 
asymptotes as its nodal tangents Every diamotei cuts this cubic in 
its own mean point, and the mean pomts of two othei diameters, 
and this latter pan of pomta are harmonic conjugates with respect to 
the first and the point of contact of tho diameter with the ‘centroid ” 
If the “oentroid” is an ellipse its centie is meiely an acnode, oi 
conjugate point, on the locns of mean points of diameters 

The elliptic cnbio—that which has only one real point on the hne 
at infinity—has two real conjugate diameters, % e , dinmcteis eaoh of 
which 18 the locus of mean points of ohords pai-allel to the other, vis, 
the asymptotes of the (then hyperbolic) “oentioid ” 

In the case of the parabolic cubic, the “ oentroid being a parabola, 
the preoedmg statements leqnire some modification via, the en¬ 
velopes of the double chords and of the parabolas oonueoted eaoh 
with a diameter of the cubic in the manner above described, d^nerate 
from quartios into parabolas, and on each diameter there lies only the 
(finite) mean point of one other diameter, this being the mid-pomt of 
the segment between tho mean point of the diameter itself and its 
point of contact with the “ oentroid ” 

The above are fundamental propertiee of the diameters of oulnoe 
Some of them might have been stated more generally of the second 
polan of pomts lying in any right line, bat it has been thought 
proper m this notice to limit the statements to the diameters only. 
Tu.. the Moond polars of pomts lying on the line at infinity 
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May 12,1887 

Professor G G STOKES, D C L, President, in the Chan 

The Presents received were laid on the table, and thanks ordered 
for them 

The following Crooman Lccttue was delivered — 


Croonian LEOlURh — ‘ On Paneasawxu bomlulem (Owen), and 
tile Significance of ite Afiiiuties to Amphibians, Reptilea, 
and Mammals ’ By H U bEEL?T, FRS, Pioleaaor of 
Geography in King b College, London Received April 21, 
1887 

(Absti-act) 

The author gives a short account of the literature of Parleasanma, 
and describes a skeleton m the British Museum, reooived from the 
Karoo deposits of South Africa m 1878 
The head has the external bones pitted and grooved as m Labynn- 
thodonts and Crocodiles, and mnous canals are developed between 
the nares and orbits snoh as ohaiaotense Labynntho^ntia The 
palate, aa evidenced by P<a\«ua»r%u terrxdtnt (Owen), is essentially 
Anomodont m stmotnre The dentition, with some distanotive features, 
approximates to that of Dinosanrs and Crocodiles, bat though the 
are m eodeets they are cemented to the jaw by bone 
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The satore between the pre maxillaiy and nuKiUary bonee u over¬ 
lapped by a triangular sub na^al bone, and the pre-maxillaiies are 
apparently small, aa m Amphibians The maxillsty bone has a row of 
large eupra-dontal foiamina The malar bone is ezclnded from the 
alveolar bolder of the jaw Behind the orbits the bones which form 
the cheeks are arranged as in Labynnthodonts, and completely cover 
the quailrate bonoaa in Lal^mthodontia and Ichthj opterygia They 
inolnde the post oibital, post-frontal, squamosal, sapra-teroporal, and 
quadrato-jngal, which is of large size The toof bones of the head 
are the nasal bones, pre frontals, (^*) the snpra-orbital, froutals, 
panetals, (^) supra occipital, and epiotio 

The occipital condyle, though imperfectly preserved, was single and 
formed by one bone, which is named basi occipital, and regaided as 
being an inter central ossification of the vertebral column, which has 
been received between the oxoccipital bones of the Ijabyiinthodont 
sknll, but which has nut penetrated so deeply between them as in 
typical Anomodonts The nearest appioaoh to this condition of the 
occipital condyle is seen in Ichthyosauius The composite character 
of the ociipital condyle in Anomodoiitia, Chelouia, Rhynohocephalia, 
Grocodilia, Sauropteiygia, Aves, Ac ,i8 acooidingly regarded as due to 
the preservation of the original Labynnthodont ezoccipital elements 
in union with the new basi occipital clement And the mammalian 
reinrn to articulation of tlie skull by «xoccipitol condy los is attributed 
to expansion of tho brain which caused the basi occipital bone to enter 
mto the floor of the brain case 

Tho stmotuic of the palate is described, and shown to lescmblothat 
of Anomodonts, ceitain Labynnthodonts, and the embryonic fomis 
of existing Amphibia in which the paia-sphcnoid has not been 
ossified 

The lower jaw encloses a long chambei which extends beneath the 
teeth as in Labynnthodonts 

The dentition is desenbed, and is chiefly remarkable for the uniform 
character of the teeth, foi their distinctive shape, mode of union with 
the jaw, and leplacement by suocessional teeth, which are developed 
as m Ichthyosanrs 

The sknll is oomparud with the sknlls of the types of P tsmdent 
(Owen) and P henthtdans (Owen), and the author concludes that 
there is no satisfactory dental ebaraoter to distinguish the desenbed 
species from each other, and rests their differentiation upon the 
forms, proportions, and stmotnie of the head 

Companson u then made of the cranial characters in which 
Paneasanms resembles other animals, so as to show how far the 
Labynntbodont oharaoteia are common to Fossil Reptilia, and 
how far the supposed Dmosannan characters may be otherwise 
regarded 
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The ▼ertebral oolamn oomiineea 29 vertobre of which 18 are pre 
■acral, 2 sacral, and 9 caudal, though a few caudal yertebrw maj 
poaaibly be missing Crescentic intervertebral wedge bones are 
developed between most of the vertebra The nbs all articulate by 
double heads In the cervical legion both facets are on the centrum, 
and the nbs have long forks for the head and tnboicle which are of a 
Crocodilian character The nenrel arch is depitssod and expanded, 
and the nenial canal small Ihe oentmm is comparatively long, and 
the cervical vertebra pass into tiie doriial senes in the same way as in 
Plesiosaurs 

Ibe dorsal vertebra aie nine m number The parapophyses are 
somewhat elongated and the diapophysis foims a transveise process 
which IS only separated from the post eygapophysiat ndgo by a notch 
The neural spine is a shot t inverted cone nearly as wide at the sninmit 
as it IS high 1 ho neural arch is nearly tin ce times os wide as the 
oentinm is I mg 

The dorsal nbs are in natural contact with the veitrbra they are 
strong expanded vortioally at the proximal ends and directed hon> 
sontally outward befoie they onive backward In the lost dorsal tlie • 
parapopbysis is very small The ribs clostlj loscmblc those of 
Crocodiles and Labyrmthodonts There is one lumbar vertebra with 
long transverse processes 

Two vertebra are anchylosed together in the sacral legion but the 
second dore not differ in form from the early caudal, and the pelvis 
u supported by the first vertebra of the sacrum The sacral nb 
has a massive development so as to extend along much of the 
length of the ilium this nb is compared to that of the gieat Sala¬ 
manders Tho same mode of support for the pelvis is found among 
the Anomodontia Tho ilmm has a mammalian form and position, 
lying almost entirely m advance of the acetabulum but there is no 
close correspondence m foim with any mammalian g^nus 

The caudal veitebra rapidly diminish in size, and show no tnce of 
a notochordal condition The neural aroh is leduced in width Small 
caudal nbs were developed 

The form of the neural some m the yoitebrvl column is suggestive 
of the recent Japanese Salamander, bat as a whole the vertebral 
oolamn has nothing m oommon with existing Amphibians 

The interolavicle and clavioloa form an anterior bow, like that seen 
in Nothosannans, towaid which the clavicular aroh of the loh- 
thyosannan genns Ophthalmosanrus approximates m the mode of 
onion of the bones The interclaviole is a symmetnoal 
bone with its limbs diverging and directed backward The soapnlar 
arch IS very massive, and appears to inolude ooiai^id and scapula 

The only remains of dorsal armour preserved consist of relativelj 
■mall and scattered bony scutes 
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There is no evidence of limb bones 

The other remains which have been attiibated to PaiieaaaniaB are 
referred by the author to a new genus named Fhocasamus This is 
founded upon the ilium originally attributed to Paneasauina, and the 
bones hitheito legardtd as the anchylosed scapula and coiaooid, are 
now regarded os the anchylosed pubis and ischium of the same 
individual animal to winch the ilium belongs The ilium is intei. 
mediate between that of an Omithosaur and the ihum of a sial. 
The further detailed discubiuon of Phocasaums is reseivod One 
ihum attributed to Patieasaunis is referred to Oicynodon 

Paneasauius is placed in the snb-oider Parieasauiia, which is 
grouped undet the Anomodontia 

On oompanson of Panoasanrus with reputed Dinosaurs from South 
Africa, it IS shown that although the teeth of Anthodon resemble 
those of Acantbopholis, the bones of the post-orbitsl region of the 
sknll are ananged upon the Labyiinthodont plan which oharacteiises 
Paneasanms Ihoio is no evidence of the afSnitios of Tapinuoe- 
phalns except the sections of the teeth, bnt since they are hollow and 
implanted as in Paneasanms, it >s probable that that genus also is not 
Dinosauiian The only Dinosanis known from South Aitica are the 
goneia Orosanma aud Enskclosaurus dMcribed by Prolossor Huxley 
in 1866 

Concerning the affinities of Paiieasanrns, tho anthoi interprets the 
blending of Labyiinthodont and Keptilian oharacteis on the hypo¬ 
thesis that PaneasauruB exhibits a transition from tho Amphibia to 
the Beptilia Ihe animal is regarded as technically a leptilo, but as 
showing both in tho skull and vertebial column characters which are 
typically Labyrinthodont, though they are toi tho most pait unknown 
among existing Amphibians Ihe Bcptilo oidor to which tho resenu 
blanoes oome closest is the Anomodontia And sinoo the rosemblanoe 
in the sacrum and pelvis amounts to absolute coincidence m plan, and 
m the palate to close approximation, it is mf ei red that the cranial differ¬ 
ences which separate Paneasauius from the Anomodonts aio no more 
important than those which distinguish the sknll of a tuitle from the 
skull of a tortoiso, and that with the acquisition of the single basi- 
oompital condyle there came about a gradual loss of the distinctive 
Labynnthodont characters But the Labyrmthodontia is a large 
group including many sub orders, some of which approximate to 
living XJrodoles, others to living Beptilia, and yet otWrs to fossil 
Beptilia It 18 urged that the Ichthyopterygia foim the most primi¬ 
tive order, derivative from the Labynnthodont group, having lost the 
epiotio bones but retaining the post-orbital and supra-temporal with the 
covered quadrate beme, that the form of vertebra in Ichthyosaurus with 
its artioular tubercles for the nb^ reproduces the vertebra of Eosapms 
and Anthiacosanrus and other Lahynnihodonts, while the dorsal nhs 
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m tlie two gronpg arc identical Similarly from the atmctnre of 
PaneasaomB and its affinities to Mesoeanins it u argnod that the 
N'othosanna and PleBiosanna aro closely related and sinoo they have 
the long hones ossified as in existing Amphibians with the bioonoave 
vertebite, donble>headed cemcal nbs on the centrum (in many genera), 
with dorsal nbs ruing to the neural arch and much in common in 
the clavicnlar and pelvic arches it is hold to bo a legitimate mferenoo 
that both the Nothosanna and Plesiosanna have undergone, with the 
acqn sition of the basi occipital bone, a loss of Lmbyi inthodont ebarao 
ters, which has removed from the skull oveiy technical traco of the 
gronpfrom which both of those orders are shown to hive been denvod^ 
by the Amphibian and Labyrinthodont charactcis which they hare pre¬ 
served in other pai ts of the skeleton Similarly 11 is coiiclnded that the 
Crooodilia derive thoir typical characters from the Labynnthoduntia 
The crocodilian skull preserves the antenor position of the nares and 
small sise of the pro maxillary bones The temporal fossae art sub¬ 
stantially similar and the unossified condition of the post orbital 
membrane in crocodiles accounts for the absence of the post- 
orbital and supra temporal bones between the post frontal and squa¬ 
mosal bones above and the jngal and qnadnto ]ngal bones below 
While if those ossifications were developed in the vacuity behind the 
eye the quadrate would bo completely hidden and the skull wonld be 
externally as Labyrinthodont as that of Ichthyosaums The number 
of pre sacral vertebra in crocodiles shows no great divorgcnoe from 
Paneasanrus, while the mode of articulation of the dorsal ribs in 
Paneasaurus although not quite crocodilian, make a uenier approach 
to the crocodilian type than la seen among other Koptilia and la so 
similar as to justify the conclusion which the sknll snggcBts— 
Crocodilia have been modified from a Labyrinthodont ancestry If 
this oonclnsion is admitted for the Crocodilia, it followa for the 
Dinoaanna also, since that group u essentially a parallel variation 
from the crocodilian type The Protorosanria are already known to 
show many Labyrinthodont charaotem, combined with those of reptiles 
and mammals , and the nmilar Omithosamian pelvis is essentially ik 
vanation from that of the Anomodont, and wonld thus be an inhent- 
anoe of stmetnres which were of Labyrinthodont oiigin Hence the 
Beptilia are to be regarded as related to each other as desoondanta 
from a common and varied ancestral type, and, therefore, the orders 
should be grouped m parallel rather than vertical or soocessivo rela¬ 
tion to each other 

The mammalian characters of the pelvis and saenun of Panea- 
sanms and the other Anomodouia are quite as striking as the Avian, 
ohanoters of certam Dinosaurs, and of the same kind of importance 
as evidence of affinity If the oommnmiy of structure of Ignano- 
donts uid Birds is held to establish a common origin for both gtanps. 
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then the oommnnity of strnotnre with mammala which appears in tha 
pelvis in ParipasanruB and m vanonaly developed in other parts of 
the skeleton in many allied genera of Anomodontia and Thenodontia, 
must similarly bo hell to establish a cimmon origin for these 
mammalian and reptilian stmetnres by inheiitance from amphibian 
ancestors 


The Society adjonmod over Ascension Day to Ihnrsday, May 2Gth 
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Transactions 

Chnstiauia —Vidonskabs Selskab Forhandlinger Aar 1886 8vn 
rkiistsini 1 1887 1 he Society 

Gottingen —Kunigl Gesellschaft dor Wisaensohaften Abhand 
Inngen Band XXXIII 4to Gottingen 1886 Xachnehten 
Tahr 1886 Xro 1 20 8vo Gottingen 1886 

The Society 

London —Fntomological Society Transactions 1887 Part 1 
8 vo hot dot The Society 

Institution of Mechanical Engmeers Proceedings 1887 No 1 
8 yo Lotidon The Institution 

Odontological Society Transactions Yol XIX Xo 6 8vo 
London 1887 The Society 

Boyal Asiatic Society Journal Vol XIX Part 2 8vo 

London 1887 • The Society 

Boyal Institution Proceedings Vol XI Poit d 8vo 
London 1887 The Work of the Imperial Institute Address 
by Sir F Abel F B S 8to London 1887, List of Members, 

1886 8vo London Ihe Institution 

Boyal Medical and Chimrgical Society Proceedings Vol II 

Xo 5 8vo London 1887 Presidents Address, 1887 8vo 
London, Catalogue of the Libraiy bnppl V 8to London 

1887 Tho Society 

Vienna —Anthropologische Gesellaohaft Mitthedungen Band 

XVI Hefte 3-4 4to TTien 1886 The Society 


Boehmer (G H) Xorsk Xaval Architecture 8vo \Wcuih*ngton'\ 
1887 The Author 

Bowman (F H) Colonial and Indian Exhibition Bepoits Wools 
8 vo [London] 1887 The Author 

Brnnton (T Leuder), F B S A Text Book of Pharmacology, 
Therapeutics, and Matona Medioa Third Edition Bro London 
1887 The Anthor 
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Dawion (G M) Notes to scoompany a Geological Map of the 
Northern Portion of the Dominion of Canada 8vo MontrfU 
1887 On certain Borings in Manitoba and the North West 
Temtory 4to Montreal 1887 The Anthoi 

Dawson (Sir T W ) F R S On the If ossil Plants of the Laramie 
Formation of Canada 4to 1886 1 be Author 

Dnbois (A) Desciiption de Denx Nomelles EspcLOS d’Oiseanx 
8 to [Bruxellee'] 1887 Iho Author 

Hughes (1 J ) Supplement to Harmonies ot lones and Colours 
developed by Lvolntion 4to Lot I n 1885 The Author 

Marsh (O L) Amenoan Jurassic Mammals 8vo [NWo Haven] 
1887 The Author 

Martone (M ) Sopra un Problems di Analisi Indotcimmata [Two 
c pits] 8vo Gatan uo 1887 T1 o Author 


May 26,1887 

Professor G G STOKES D C L, President in the Chair 

The Presents received were laid on the table, and thanks oidered 
for them 

Professor Archibald Li^erstdge (elected 1882) was admitted into 
the Society 

The following Papers were read •— 

I iHh Bakeiuan LrcTURL—On tlio Dihsoi lation of some 
Oofiea by the Flcctnc DieJiarge ’ By J T IhomsOV, W A , 
F B S , Fellow of Trinity OolUge and CavetidiBli Piofessoi 
of Experimental Phyoice m tlio University of C/ambni1gc 
Rtceivod May 2b, 1887 

(Abstract) 

The gases considered aie iodine, biomine chlonno and nitrogen 
tetroxide The effects of the spark on iodine and bromine were in 
vestigated in two ways In the first method the iodine was placed m 
a tube from which the air had been exhausted and which waa 
furnuhod with a gauge which seived to measure the changes of 
pressure in the tube The liquid in the manometei a as snlphnnc 
acid, and in order to avoid any disturbance due to the absorption of 
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thfl iodine vapour by this sabstanoe, (be dieoharge (nbe was doubled 
BO tliat the iodine vapour waa symmetnoally placed with reference to 
the Bulphuno acid Ihe system waa then placed m an oil bath and 
maintained at a temperatnre which vanod m different experiments 
from about 200® to 2d0 

On Bparkinf; through such a tube with an induction coil giving a 
spark about 3 inches long in air, the ■pressnie rapidly increases at 
first but the into of increase gtadually diminishes and the pressure 
finally become s steady On stopping the coil by fai the groatei part 
of this moiease is {leimanent oi at any lute lasts foi several hours 
It IB not duo to the decomposition of the vapour fiom the snlphuiic 
acid ui the gauge, foi it dues not occni if theie is no iodine in the 
gauge or if tlip lodino is replaced bj biomint this inciease of 
pressnie can bo proilncod by the silent discharge as well as by 
oidinaiy sparking In otdei to simplify the conditions as much as 
possible I had an arinngcmoiit made by which instead of determining 
the ineieiho of piessure by the sulphnno acid gauge the vapour 
density of the lodiiu aftoi spaiking could bo measured In this 
arrangement the iodine was nevci neat any snlphmio acid 

Theiesult oi these determinations is shown in tlu followmg table, 
and it IS sein that the lesults confirm those obtained by the first 
method 

Unsparked lodino- 
PreMuie 

440 
120 

Sparked iodine— 

CIS 220 . 110 

420 21b 115 

lb6 214 84 

170 232 86 

In the last expeiimeut the vapour density was determined 24 honm 
after the sparking 

These figures point to very considerable dissociation of the iodine, 
m fact the dissociation produced by the spark at 214° is as much as 
that produced by Yiotor Meyer at the temperatnre 1170° G 

The appearance of the dissociated iodine is not greatly different 
from that of the nnsparked, its colonr, however, is I thmk a little 
lighter and not so uniform I was not able to detect any change in 
the ahsoiption spectrum produced by the sparking The electric 
sbength of the sparked gas was however less than that of the un* 
sparked * 


(H 1) 

fempemtuio Vapour denuty 

215 137 

214 130 
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Bromine. 

When the experiment with the pressure gauge is made with 
bromine instead of iodine, it is found that thoie is a considerable 
inorease of pressure produced by the passage of the spark, but that 
this disappears almost as soon as the sparking, and on determining 
the vaponr-densitj of the sparked and nnsparked bromine it is found 
that they are identical. It seems most probable that the difference 
between bromine and iodine is not that the bromine is not dissociated 
by the spark, but that the atoms combine very much more quickly 
than the iodine atoms The vatiour-density determinations showed 
that bromine vapour is dissooiatod if it is heated for a long time at a 
low pressure, even though the temperature is not vcr^ high. 

The results of these determinations are given in the following 
table 


Pre«ui.. 

Temperature 

Deiiuty 

ReitmrL* 

473 

111 

80 


4<KI 

106 

81 


430 

101 

80 


*ioa 

116 

70 


643 

Ml 

81 7 

In bath fur 31 houia 

316 S 

103 

78 


335 

109 

77 

SparM 

330 

100 

«6G 

In bath lor 1 hours 

1C3 

00 

77 i 

Only a short time in liath 

390 

111 

_! 

70 

Id bdtli tur 7 hours 


These experiments show that it takes a long tiiiie for bromine to 
reach a state of equilibrium, and that for the experiments on tho 
vapour-density, the gas should be maintained nt a constant tempera- 
tnre for some time before the experiments are made. 

Experiments on chlorine and nitrogen tetroxide are also described 
in the paper. 


II. “ On tho Supposed ‘ Now Force ’ of M. J. Thore.”* By 
William Crookes, F.R.S., Pre8.C.S. Received Mny 5, 
1887, 

(Abstiuot.) 

The author commences by quoting the description of some apparatus 
qnd experiments which have led M. There to suspect tlie existence of 
a new force inherent in the human organism. M. Thore suspends a 
• ‘ Uno Kourelle Force?’ Pur J, Thoro. Dsx, 1887. 
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small cylinder of ivoiy by a fibre of cocoon silk, forming a smdl 
pendnlnm, which hangs freely over the centre of a table. The cylinder 
having become motionless, M. Tbore brings a second cylinder, called 
the “pillar," abont a millimetre from the first cylinder, when the latter 
begins to rotate clockwise if the pillar is on the left, and counter* 
clockwise if the pillar is on the right of the cylinder. The observer 
is supposed to face the cylinder and pillar. M. There says that the 
rotation is independent of the nature of the cylinders, of their mass, 
or the dimensions of the pillar; light, beat, electricity, magnetism, 
gravity, and air curi-ents, he says, aro also inadequate to explain the 
phenomena. 

The author has repeated M. Thore’s experiments in apparatus shown 
in the accompanying figure. It consists of a ginita case, A, B, C, D, E, 
E, 6} inches square and 7 inches high, with a rising glass window, A, 
B, G, H, in front and similar windows at the sides. The top is of card, 
in the centre of which is a small hole. The cylinder, I, is suspended 
in the middle of the case by a very fine cocoon silk fibi-e, 5 feet long. 
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nuntmnded a card tube J, attached to the top of the glaaa box K 
It a Moond cylinder attached to a rapport, L, by a ball and aoolcet 
joint for oonvemenoe of adjnatment The support, M, projects out 
side the ease to admit of the fiUar being brought close to the cylinder 
and transposed fhim one side to the other, <fco N is a cord attached 
to the front glass ivindow, weighted at the end and passing orei a 
pulley for convenience of raising and lowering the glass 

Ivory, ebonite glass and metal have been used for tho cylinders 
and for the pillars The pillars haie also been made square, round, 
and wedge shaped in section, and the surfaces have been bright and 
lamp blacked The mode of experimentation is tho following —The 
cylinder being at rest the observer sits down in fWiiit of tho apparatus 
with hia face 8 inches from the cylinder and pillar, taking precautions 
to keep the bieath as much as possible away from cylinder and pillar 
The pillar is always placed on the right of the cylinder On raising 
the front glass the qyhnder commences to rotate in the opposite direc 
tion to the hands of a clock, the side nearest the observer moving to 
the 1 ight • 

In other expenmenta a flask of boiling water a candle, and a hot 
platinum wire have been used as the aouroo of radiation The lesnlto 
of more than fifty expenmenta are given in tables showing the 
matenal of the pillar, the maximum speed of one revolution, the 
number of revolutions, and the exmting agent Expenmenta tned 
with an ascending current of air of different degrees of intensity in 
fWint of the apparatus prove that air currents are inoperative in 
producing the action 

The results leave little doubt tiiat the action is one of radiation 
from the face or other warm body in front of the apparatus, and 
that there is nothing special in the human organism beyond the heat 
it radiates to produce rotation of the i^linder 

Badiant heat (and in less degree light) falling on the lampblaoked 
surfaces is absorbed, and increases the surface temperature There 
ate two ways lu which this morease of temperature may act — 

1 It may produce a current of warm air, using in front of the 
surfaces of the moving body, to replace this, cold air wdl come m 
from all sides, and striking against ^e delicately suspended cylindei 
cause it to rotate If, however, the source of heat is of oonsideraUe 
surtaoe, such as the face or a Winchester quart bottle full of warm 
water, it u diflSonlt to imagine that there will be much tendency to 
rotate in one direction rather than m the other 
8 An increased surface temperature of the cylinder and pillar may 
produce an increase of moleoular pressure between the two bodies, 

* Thu u osUed the stjfsAM dueetwo sad when the rotation u clodiwua it ii 
osUsdjMnSiw 

VOL UII 2 0 
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and Urns give rise to motion, after the manner of the radiometer. In 
this, as in the former case, the movement ahonld be in the opposite 
direction to what it is in reality, as it would be produced by mutual 
repulsion acting between the sides nearest the sonroe of heat. 

It seemed likely that information, decisive as regards one or other 
of these two theories, might be gained by suspending the cylinder in 
a glass tube attached to a Sprengel pnmp, and taking observations at 
different degrees of exhaustion. 

In experiments tried by the author in 1875* the noteworthy foot 
was ascertained, that two bodies of different temperature attracted 
each other at normal atmospheric pressure; the attraction rose as the 
pressure diminished, until, at a tension of I‘15 mm., it was nearly four 
times what it was in dense air. Above this exhaustion the attraction 
suddenly dropped and changed to repulsion, which at the best vacuum 
obtained was nearly thirteen times stronger than the atti-action in 
air. 

Two forms of apparatus are desoribed by the author, wherewith 
experiments were tried during exhaustion, and an exact parallelism 
was established between the attraction or repulsion of the cylinder by 
a hot platinum spiral, and the positive or negative rotations of the 
cylinder under the influence of a warm body brought near. 

The two phenomena run absolutely in parallel hues; when there is 
attraction negative rotation u also produced; when the exhaustion is 
such that the attraction is nil, the rotation is mZ also; when the 
attraction changes to repulsion the rotation obangos from negative to 
positive; and when the vacuum is very good, so that the repulsion 
between the two heated bodies is at its maximum, then also the 
positive rotation is the strongest. It is impossible to resist the con¬ 
clusion that the two sets of phenomena am due to the same cause, 
and that as air currents did not produce the attractions observed in 
the 1875 experiments, so likewise are they equally inoperative in 
giving rise to the present rotations of the suspended cylinder. 

If the rotation is produced by a reaction between the suspended 
and fixed body, it follows that were both free to move each would 
rotate, but in opposite directions. To test this, another apparatus 
was made, having two delicately suspended cylinders, 1 mm. apart, 
in a glass tube capable of being exhausted. In a table the results of 
twenty-two experiments are described, observations having been 
taken at intervals during exhaustion. Down to 14 mm. pressure 
the two cylinders rotate negatively (t.s., the right hand cylinder 
rotates clockwise, and the left band cylinder counter-clockwise). 
Between 14 and 3 mm. there is no rotation, and below 8 mm. the 
rotation is positive, the movement at an exhaustion of 0’0405 mm. 
being five times as strong as it was originally. 

• ‘ PhiL Tiauf.,’ 1876, Part II (pp. 688-63!l). 
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The motive foroe {Hrodaoing these roiatioiu is, at high ezhanstionii 
the moleoalar impacts between adjacent eni faces of the suspended 
pjrlmdors excited by the radiation falling on them from the hot water, 
hot spiral or a oandlo (which is equally effective) Bnt what pro 
dnoes the negate e rotation at oidinary aimosphono pressure i* Avr 
ewrenU are the obvious explanation bnt there are grave reasons for 
behoving this explanation inadequate In the hrst place aotnal air 
onnonts when tiiod do not produce the desired resnlt Secondly, it 
IS most logical to assume that as the present set of experiments are 
strictly parallel with those tiled in 1875 and as in each case the 
results at high exhunstions are due to moleculai bombardment so 
also iftnat the similar results at low exhaustions bo dn to the same 
cause 

Finally twenty one experiments in the form of a table are de 
sonbod in which an appoiatus was employed specially designed to 
eliminate the inteifer'lng action of oir currents and submit the 
molecular bombat Imeut theory to crucial expoiimonts Tlio results 
are considered by the author as conclusive m favour of this expla 
nation , 


Vddcndiim May 24 1887 

1 sent M Thore a detailed oocoant of my oxpenmente ashing him 
to favour me with any comments or remark he might wish to make 
I have just received a long oommnaioation partly pnuted and pact 
in MS in which he desonbos many fresh experiments and addnoee 
arguments to show that my dynamical explanation is not sufficient to 
aooonnt for more than a few of the ffiots he describes and saying that 
he ‘ persists in still behoving that this force emanates from the 
obeeiver, or else that the observer is the indispensable intermediary 
for its manifestation 

The experiments are numerous and are devised with great inge 
nnity It is impossible m the space of a brief abshact to do more 
than refer to a few of the principal facte here bi ought forward 
M Thore commences objecting to my having experimented m an 
enclosed space, saying that he always operates in free air He thinks 
that enclosure may almost or qmte suppress his force To this 1 can 
reply that I have myself verified nearly all M Thore s foots of rotation 
(inoluding those just now oommnnioated), when working m the free 
air of a large room, and it was only when I found the dabcaey of 
the observations was impeded by dranghts and onnento that 1 
put screens loand the apparatus I have not found glass soreens 
interfere materially with any of the rotations M Thore now says 
that it IS neoessaiy to hold the pillar or the exciting body in oontaet 
witii the hand during the whole duration of the experiment I 

2 c J 
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waa noi avare that unportanoe waa attoohed to thia point, bat 1 have 
smoe repeated many of my former observations, holding the piUai in 
tho hand Tho reanlts ate certainly stronger, bnt the extia heat 
imparted to the apparatns is in my opinion snfficient to aoconnt for 
this M Thore brmga forwaid many new and ingenionsly devised 
experiments to prove that heat cannot be considered the oanse of the 
movement He exposes the instrnment to the fall sun and then 
bnngs it mto a cool dark room, he snspends it over boding water, 
he places a large block of ,iee between (he cylinder and the observer, 
he similarly interposes metallic vessels full of boding water between 
the cylinder and observer (the observer not moving from his place in 
front), and he tries the experiment m a hot chamber altertkately 
moist and dry, without finding tho rognlanty of the movements mter> 
fered vnth I have tried most of these, and obtained results coi-robo- 
rating lif Thore's, but 1 have also tried the experiment of qmetly 
bringing near to the stationary oylmder a bottle of hot water and 
observing the movement fiom a safe distance through a telescope, and 
I find that the hot bottle is able to eJfoet rotatuin as well as the 
observpi 

Among the < anons observations mentioned by M Thoie is this — 
Placing the pillar in front of the cylinder (between it and the 
observer), if the pillar is hdd with tho right hand the movement is 
dookwise, and if the left hand is need the rotation is counter clock¬ 
wise The right hand is stronger m its effects than the left hand m 
the proportion of 2 to 1 

M Thore has given in addition a large number of curious and 
interesting observations, using two, three, and more movable 
cylmders and recording their movements under a great variety of 
oircumstanoes I admit I do not see at onoe how all these aie to 
be explained on the molecular bombardment theory Bnt this theory 
has not yet explained all the anomalous results I have recorded m 
my papers on “ Bepulsion resulting from Badiation, ’ although 1 
believe it oapablo of doing so; and I therefore think that it is not 
neoessary to call upon a new force to explam any of M Thore’s 
results which radiation does not yet seem able to account for 

The Society ad[]oamed over the Whitsuntide Recess to Thursday, 
June 9th 
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Transactions 

Bnokhurst HiU —Essex Field Club The Essex Naturalist No 4 
8 vo. Buehkunt H%ll 1887 The Club 

Leeds —^Natnndista’ Club Transactions 1886 8vo Leedt 1886 

The Club 
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London —East India Aasoo ataon Joornal Vol XIX No 3 
8to London 1887 Tbe Aesooiation 

University Calendar 1887 8 8vo London 1887 

The University 

Bio de Janeiro —^Mnsen Nao onal Archivos Yol VI 4to Rio 
de Janeiro 1885 The Mnnenm 

St Petersburg —Aoademie Impcriale des Sc ences Memoires 
Tome XXXIV Nos 12 13 Tome XXXV No 1 4to 8t 
Pdtenbourg 1866-7 The Academy 

Venice —Beale Istitnto Vt-neto Atti Tomo III Disp 10 
Tomo IV Disp 1-10 and Appt,ndioe Tomo V Disp 1 8vo 
Venetta 1884-7 The Institnte 

Vienna —X K Ceographisohe Qesellsohaft Mitthoilnngen 1876 
8 vo Wien 1876 Ihe Society 

Watfoid —Hertfoidshire Natural History Society Transactions 
Vol rV Parts 8vo London 1887 Ihe Society 


Journal 

Ateneo (L ) Veneto Bivista mensile di Soienze Lettere ed Arti 
Sene X Vol I No 1—6 Vol II No 1—b 8vo Vmana 
1885-6 The B Istitnto Veneto 


Abel (Sir P) PBS The Work of the Impenal Institnte—^An 
Address 8vo London 1887 The Author 

Albrecht (Dr P) VorlanftderNervenstrom in geschlossener Strom 
bahn P 8vo Erlangen 1887 With two other excerpts in 8vo 

The Author 

Bagnoli (U) Teone Pondamentali dell Llettnoiti Sm 8vo 
Milano 1887 The Author 

Bowman (PH) On some Variations in the Structure of Wool and 
other alhed Fibres 8vo Edinburgh [1886] The Author 

Cumer (A P) Some Considerations concerning Cancer of the 
Ute^ eepeoudly its Palliative Treatment in its Later Stages 
Sm 8vo New Toth 1887 The Author 

Pleming (S ) Dooumenta in reference to the Oeneral Adoption of 
the Twenty four Hour Notation on the Bailways of Amenoa 8vo 
Ottawa 1887 Time Beckoning for the Twentieth Century 4to 
Monireal 1886 The Author 

Polmer (N ) Bebns over het Licht, het Beeld en de Pnsmatisohe 
, Eleuren, in 500 Pignren op 60 Platen PoUo and 8vo 
Qronmgen [1887] l^e Author 

Hill (S A) On Solar Thermometer Observations at 

8 vo Oalcndta 1887 The Author 
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fhe Annual Meeting for the Election of Follows was held this day. 
Professor G. G. STOKES, DC.L., President, m the Chair. 


The Statutes relating to the oleotion of Follows having been read, 
Or. J. H Gladstone and Mr. G. J. Symons were, with the consent 
of the Sooiety, nominated Serutators to assist tfa^ Secretaries in 
examining the lists. 

The votes of the Follows present wore then oollooted, and the fol¬ 
lowing candidates were declared dnly elected into the Society 


Buchanan, John Young, M.A. 
Cash, John Theodore, M.D 
Donglawi, Sir James Nicholas, 
M.I.C.B. 

Ewing, Prof.'James Alfred, B.So. 
Forbes, Prof George, M.A. 
Gowers, William Richard, M.D. 
Kennedy, Prof. Alexander B. W., 
M.I.C.B. 


King, George, M.B 
Kirk, Sir John, M D. 

Lodge, Prof. Oliver Joseph, D.So. 
Milne, Prof. John, F.O.S. 
Pickfu^-Cambridge, Eev. Octa¬ 
vius, M.A. 

Snelns, George James, F.C.S. 
Walsingham, Thomas, Lord. 
Whitaker, William, B.A. 


Thanks were given to the Sorutators. 


June 16, 1887. 

Professor G. G. STOKES, D.C.L., President, in the Obair. 

The Bight Hon. the Earl of Rosebery (elected 1886), Mr. H. 0. 
Russell (elected 1886), Mr. John Young Bnohanan, Dr. John Theo¬ 
dore Cash, Sir James Nicholas Douglass, Prof. James Alfred Swing, 
Prof. George Forbes, Dr. William Richard Gowers, Prof. Alexander 
B W. Kennedy, Sir John Kirk, h&a Gsesge James Snelus, and Lord 
Walsingham, were admitted into the Society. 

The Presents received were Isid on the table, and thanks ordered 
for them. 


The following Papers were read:— 
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1. “ On tho Structure of the Mucilage Celia of Blechnum 
occidentah (L.) and Oamunda regalia (L.)” By Tokittaro Ito, 
F.L.S., and Waltrh Gardiner, M.A. Cummunicated by 
Profesaor M. Foster, Sec. R.S. Received May 31, 1887. 

The growing point of many fema is found to bo eoveml with a 
slimy mucilage which arises from hairs situated on the palm and the 
leaves, or whore palm are absent on the leaves only. This muoilagin. 
ous seoretinn serves a most important physiological function, in that 
it readily takes up and retains water, and thus keeps the young bad 
moist, and at the same time tends to prevent too excessive transpira* 
tion. The cells which socrete the mucilage are largo and swollun, 
and the secretion escapes by the rupturing of the cell wall. We 
investigated two cases of mucilaginous secretion, vix , lileehnum ocei- 
detUale (L ), where in each hair only the terminal cell is glimdular, and 
Oitnunda regalia (L.), whore usually all the cells of tho hair are 
equally endowed with secretory function We find that tho mucilage 
arises from tho protoplasm only and not from the cell wall, and that 
the whole process is distinctly intraprotoplasmio. The structure of a 
mature gland is wonderfully like that of the fecretory animal cells 
investigated by Langley,* and indeed the very words used by him in 
the description of certain of the secretory cells will quite well 
apply to the particular glands investigated by ns, for W'e also find 
that " in the mature cells the cell substance is romposed of (a) a 
framework of living substance or protoplasm connected at the peri- 
phery with a thin ountinuous layer of modified protoplasm ” (our ecto¬ 
plasm), and that “ witliin the moslios of the frumowork are onulusod 
two chemical substances at least, vis. (h), a Hyaline substance in 
oontaot with the framework, and (o) spherical granules which are 
embedded in the hyaline substance.” In onr cose we have also to add, 
that the whole cell is enclosed in a cell wall. We find, in other words, 
that in the glandular cells, investigated by us, mucilage is secreted 
in the form of drops, and that each drop is fnrtlior difiurentiated with 
a ground substance (gum mucilage) in which are embedded numerous 
spberieal droplets (gum). 

The mature cells which we have desoribed are quite full of the 
ksoretion, so that tho vacuole containing the cell sap has become com¬ 
pletely obliterated. This u occasioned mainly by the voluminous 
oharaoter of the sooretion, which takes up water and becomes very 
balky. The young glands, however, display the usual stracture of 
young cells, each oontainiug a nucleus, plastids (which in tho case of 
Omonda form numerous starch grains^ an^ a vaouole. Secretion 

* Laiq^, ‘ Osmbridgs Phil. Boo. Proo.,* vol. 6, p. S6. 
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ooramences by the breaking down of a portion of the innermost layers 
of the endoplasm at a number of oontiguous but isolated areas The 
result of these katabolio changes in the protoplasm is the formation of 
small but rapidly growing muoilage drops The first formation occurs 
]nat beneath the free surface, and takes place equally around the 
whole cell cavity and the phenomenon steadily continues from within 
outwards, producing new drops basipetally, and immediately beneath 
those already formed until the whole of the endoplasm together with 
the substance of the plastids (oi starch grains) have taken part m 
the process and the cell is now full of isolated drops each enclosed 
by a portion of the delicate protoplasmic framework which still 
remains 

A remaikable sequence of changes occurs m the diops themselves 
At their first formation they are watery and by no means well defined 
By the use of osmic acid it can then be shown that they contain no 
tannin Ihey shortly become denser and at this stage tannin appears 
eqnally distributed throughout thoir structure And now in the 
drops themselves a delicate leticulation maybe observed which finally 
gives way to the appeal anoe of numerous minnte and bngbtly shining 
droplets sll separate and distinct disseminated through the substanoe 
of the drop ]ust as the drops themselves are dissemmatod through 
the buhstanco of the protoplasm Beaotions show th it the ground 
substance of the drops is of the nature of a gummy mncilago, while 
the drops consist of pure gum Our observations make us disposed 
to believe that during secretion the protoplasm gives i ise to a gummy 
mucilage and the latter undeigoes further diffeuntiation into a 
ground substance winch still retains its mnnlsginous character, and 
mto a gummy substance (a product probably of maximum chemical 
change) which is present as a number of isolated sphenoal droplets 
In the light of those remarks the strnoture piesented by the matara 
cell becomes moie clear 

In the ease of many animal glands, e g , serous and mucous salivary 
glands, Langley concludes that the protoplasm forms the hyaline 
substance, and then out of this manufactures the gianulea, which 
during secretion are turned out of the oell and give use to the parti* 
(alar anbstanoe which the gland secretes The state of active secre¬ 
tion IS followed by a resting period during which the protoplasm 
grows, forms new hyaline Bnbstanoe, and this again prodnoea new 
grannies We believe that a senes of changes essentially similar in 
chaiticter ooours in plant cells also Usually speaking, plant cells are 
incapable of snob active and repeated secretion as occurs on those of 
animals, and in many oases, s g , Blechnvm and Omvnda, the secretion 
changes ooenr in the oelLonce and for all, and at their termination the 
roll dies In other instances, however, s , the glands of Dtoncra, it 
appears exceedingly probaUs that the phenomena which aCoompany 



1887.] Mr. G. F. DowdesvelL OfiBabU$. 355 

the repeated seoretion are quite eimilar to thoee which happen in m 
many animal glanda. 

The rarions changea which accompany mncilaginons secretion are 
not shown by Jllechnvm, oecidentale In Oimunda the drops are mncli 
less defined, and, although more nnmerons, are smaller. The changes 
which occur in the drops were observed in Bleehnuin oeeidentale. In 
Oimunda we did not ancoeod in following them; but since the two 
glands practically present the same stmcture in the mature cells, we 
are led to infer that the various processes are similar in both. 

The seoretion consisting of the mucilage drops and the disorganised 
protoplasmic framework escapes by the rupturing of tho wall, and the 
disintegrated nucleus and the endoplasm are the only structures left 
in the cell. 

In Oimunda the transverse walls are callussed on both sides, and 
the whole system (wall and callus plate) is obviously perforated by 
fine holes, which in the functional cell are filled by delicate strands of 
protoplasm. These establish a direct continuity between the proto* 
plasmic contents of the various cells of the hair. 

We believe that in their main features the phenomena attending 
the formation of the secretion are such as are very widespread, and 
limited neither to tho ferns nor to the particular case of secretion of 
mucilage. 


IL “On Rabies.” By G. F. Dowdbswbll, M.A. Communi¬ 
cated by Prof. ViOTOB Horslet, F.R.S. (From the 
Laboratoiy of the Brown Institution.) Received May 8, 
1»»7. 

(Abstract.) 

In this investigation, commenced early in 1885 during the outbreak 
of rabies in London, the first experiments, made by subentaneons 
insoulations with the saliva of rabid street dogs, all failed to produce 
infection. 

Subsequently, adopting the methods described by M. Pasteur, I 
found— 

1. That the vims of rabies and hydrophobia resides in the oerebro. 
spinal substance and in the peripheral nerves, and is not confined to 
the salivary glands, as hitherto supposed. 

2. That by inoculation of this substanoe npon the brain of another 
animal, by trephining, bfection follows much more quickly and 
oertainly than by subcutaneous inoonlatiou. 

3. That rabies, however produced, in both dogs and rabbits, is 
ei^autiiily a paralytio afEection, the same diso s s e in both animah, and 
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tiiat there is no oonatant diatinotion betireen the so>termed “ damh ” 
and “ fnrione ” rabies. 

4. That the initial Ttralenoe of street rabies is nsnallj increased, 
and becomes remarkablj constant, bj passing through a senes of 
rabbits. 

5. That the actirify of the virus is shown by the duration of the 
incubation period, to which it is inversely proportionate. 

d. That the tisanes of an infected animal do not themseivoa become 
infective till towards the end of the inrnbation period. 

7. That of a large nnmher of dmgs whirh were tnod, both 
germieules and those acting specifically upon the cercbro-spinal 
system, none materially modify the action of the virus in the rabbit. 

‘ 8. That by a serios of snbentaneons inocnlations with virus treated 
by the methods of M. Pasteur, immunity, even against snhseqnent 
infooUon, cannot be cunforred upon the rabbit; and that the extreme 
and unexpected constitotiontU refractoriness of the dog to infevtinn 
with rabies, by any method of inocnlation—as I have found it in the 
limited number of experimonta I bave been able to perform with 
this animal—renders it extremely difficnlt to determine the effect of 
snoh remedial or prophylactic measnros in it; and that it is by the 
sifttiBlics of the treatment alone that tbeir eflbct with man can be 
decided j but that judging from the resnlts of the experiments of 
others, the principle of the method as affirmed by M, Pasteur appears 
to be established, thongh unquestionably tho ** rapid ” or “intensive” 
treatment, as 1 have found, is liable to produce infection. 

Ill “ On tho Tubercular SwellingB on the Roots of PTctn Fcibn." 
By H. Marshall Ward, M.A., F.L.S., Fellow of Christ’s 
College, Cambridge, l*rofesBor of Botany in tho Forestry 
School, Royal Indian College, Cooper’s Hill. Communi¬ 
cated by Prof. M. Fostbb, Soc. R.S. Received May 29, 
1887. 

(Absiraot) 

In this paper the anther gives a detailed account of his investiga¬ 
tions, of which a preliminary note appeared at p. 381. The following 
are the main oonclnsions:— 

The tubercles always contain a fungns, allied to the Ustilagines, 
which enters the root by way of the root hairs. The nltimnte branches 
of the hyphm in the cells of the tubercle bud off minute bodies (gem- 
mules), which are afterwards scattered in the soil. This process 
resembles the budding discovered in XJstilaginee by Biefeld. By 
means of cnltnres and observations the author shows that the infec¬ 
tion from the soil is probably dne to these minute gemmnles acting 
as spores. 
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IV. “ The Eleotromotire Propertiea of the Kloctrical Organ of 
Torpedo numnorata.” By FbaVOIS Gotoh, B.A., B.Sc. 
London, H.A. Oxon. Communicated by Professor Bdbdok 
Sandkbson, F.R.S. Received May 6, 1887. 

(Abstract.) 

After an introduction, in which the author seta forth the present 
state of knowledge with reference to tlie electromotive properties 
of the electrical organ of Torpedo, he gives an account of his own 
experimental investigations in three sections. 

The first section relates to the nature of the changes prodnoed in 
the electrical organ by mechanical injury and by heat, and the relation 
of these changes to those which manifest themselves under similar 
conditions in muscle and nerve, a subject which has not hitherto been 
inquired into. 

In the seoond, the duration and (he character of the response of the 
electrical organ to stimulation of its nerve are investigated for the 
first time by means of the rheotome and galvanometer. 

In the experiments which are recorded m the third section, the 
anthor has entered on the examination of the after>effoct8 which are 
prodnoed in the organ ly the passage through it of voltaic or indno* 
tiou currents, a subject which has been recently investigated by 
da Bois-Beymond. 

The anthor is led by hie experiments to believe that the physiologi¬ 
cal effects produced in the organ by injury, by the passage of currents, 
and by the stimulation of the electrical nerve, are, notwithstanding 
that they differ so widely from each other in distnbntion, duration, 
and intensity, all phenomena of excitation. 


V. “ On Thermal Radiation in Absolute Measure.” By J. T. 
BOTTOMLar, M.A. Oommunicated by Sir W. Thomson, 
Knt., F.R.S. Received April 28,1887. 

(Abstract) 

The investigation, of which a detailed aooonnt is given in the paper, 
vras commenced in 1888, and aome preliminary results were oommn- 
nioated to the Boyal Society in Jane, 1884. 

The radiating body used up to the present time has been a metaOio 
wire ;* and the general method of experimenting consists in keeping 

* I propoM, howevw, at won st msy be, to wpest and estend the esperfaneot of 
D.^]laefledaoe ('Boy. Soe. Proo.’ voLSO,U72} on ndiationfrom metalUc globes. 
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the wire heated by an electric oarrent, and determining in abaolnte 
measure the electric energy necessary for this purpose. This energy 
is lost in radiation and in conduction at the ends, but chiefly in 
radiation. The wire is contained in a long copper tube, blackened 
inside, and kept cool by a water jacket; and the snr&oe of the wire 
may be bright and polished, or may be modifled by being coated with 
lamp-black, platinum-black, oxide of copper, or some other material 
Polished wires hare been chiefly used hitherto, but arrangements 
for comparison of wires with sor&ces difierently prepared are 
described in the paper. 

Two methods of determining the electric energy hare been used. 
One consists in measuring the electric enrrent and the difference of 
potentials between chosen points in the radiation-wire; the other in 
measuring the current and determining simultaneously the electric 
resistance, by means of a Wheatstone bridge, modified to suit the 
necessities of the case. 

A knowledge of the resistance of the radiation-wire gives also its 
temperature, by means of separate determinations (described in the 
paper) of the law of alteration of electric resistance with temperature. 
The temperatures of the radiation-wire and of Uie envelope are all 
referred to the air thermometer. 

In order to vary the air-pressure surrounding the radiatiou-wife, 
and thus obtain data for the purpose of eliminating the heat-carrying 
properties of the air or other gas, the copper tube is connected, in a 
manner described in the paper, with a five-fall Sprengel pump; 
and the pressures in the extreme vacuums are measured ^ Idle 
U'Leod gauge. 

The results of the investigation, so far as it has gone, are shown in 
a series of tables and curves. 

A long and very complete series of determinations has been made 
of the radiation at various given constant pressures, hut at different 
gradually imnyasing temperatures. 

By means of curves of this kind, showing radiation in extreme 
vacuum, a compai'ison may be made between the results of experiment 
and the results oaloulated from Bteflm’s well-known fourth power 
law. The experimental results do not appear to give any support to 
that law. 

Several series of determinations have been made at different con¬ 
stant temperatures, the pressuie being oontinnonsly diminished. This 
mode of experimenting, by far the most appropriate to the purpose in 
hand, has only recently become oonvenisnt to the author, as it requires 
a special suitable enrrent galvanometer. Further experiments are to 
be carried out with this method. 

In the meantime it may be said that on continuously diminishing, by 
amans of the Sprengel pump, the air sutrounding the wire, a 
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hai been reached where farther exhanetion does not affect the radia¬ 
tion observed. In this way a condition seems to be reached asympto¬ 
tically, in which the radiation is independent of anything removable 
by the Sprengel pomp. The valoe of the radiation found is, for the 
particular bright platinum wire used:— 


At 408° C. 378 8 x 10~* gram water centigrade units 

per square centim. per sec. 

„ 505° C. 726‘1 X 10~* gram water centigrade units 

per square centim, per sec. 


thtf temperature of the envelope being about 15° C. 

Oomparatively little has been done up to the present as to radia¬ 
tion from the same body with the surfece in different conditions. The 
important results of Mr. Mortimer Evans, ‘ Boy, Soc. Proo.,’ 1886, as 
to the energy required to maintain a given candle power in incan¬ 
descent lamps, with dull and with polished filaments, have been con¬ 
firmed. It is proposed to carry ont farther experiments on the 
influence hf the surface of radiating bodies. 


VI. “ On Figures of Equilibriam of Rotating Masses of Fluid." 
By (J. H. Darwin, M.A., LL.D., F.R.S., Fellow of Trinity 
College and Plumian Professor in the University of 
Cambridge. Reoeived April 28,1887. 

(Abstract.) 

The intention of this paper is, first, to investigate the forms which 
two masses of fluid assume when they revolve in close proximity 
about one another, without relative motion of their ports; and 
secondly, to obtain a representation of the single form of equilibrium 
which must exist when the two masses approach so near to one 
another as just to coalesce into a single mass. 

When the two masses are far apart the solution of the problem is 
■imply that of the equilibrium theory of the tides. Each mass may, 
as ^ as the action on the other is concerned, be treated as spherioid. 
When they are brought nearer to one another this approximation 
cease s to be sufifleient, and the departure from sphericity of each 
mass begins to exeroise a sensible deforming influence on the othw. ' 

The actual figure assumed by either mass may be regarded as a 
dafixmation due to the influence of the other considered as a sphere, 
on whidi is superposed the sum of an infinite series of deformations 
of each due to the deformation of the other and of itself. 

BniPeach mass is deformed, not only by the tidal action of the 
other, but also by its own rotation about>an axis perpendicular to Us 
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orbit. departare from ipberioity of eithor body doe to rotation 
also ezereises an inflnenoe on tho other and on itself, and thiu there 
arises another inftnite series of deformations. 

It is shown in the paper how the summations of these two kinds 
of reflected inflnenoes are to be made, by means of the solution of 
certain linear equations for finding three sets of coefficients. 

The first set of coefficients are augmenting Motors, by which the 
tide of each ardor of harmonics is to be raised above the value which 
it would have if the perturbing mass were spherical. Tho second 
set corrospend to one part of the rotational effect, and belong to 
terms of exactly the same form as the tidal terms, with which tjiey 
nltimately fuse. Tho third set correspond to the rest of the rota* 
tional effect, and appertain to a different class of deformation, which 
are in fact sectorial harmonics of different orders. The term of the 
second ortler represents the ellipticity of the mass due to rotation, 
augmented, however, by mutual inflnence. All tho terms of this 
clasB, except the second, are very small; their existence is, however, 
interesting. 

From the consideration that the repnlsion due to centrifugal force 
shall exactly balance the attraction between the two masses, the 
angular velocity of tho system is fonnd. It is greater than would be 
the case if the masses wore spherical. 

The theory here sketched is applied in the paper numerically, and 
illnstrated graphically in several cases. 

When the masses are equal to one another they are fonnd to be 
shaped like flattened eggs, and the two small ends face one another. 
Two figures are given, in one of which the small ends nearly touch, 
pnd in the other whore they actually oross. In tho latter ease, as two 
portions of matter cannot occupy the same space, the reality mnst 
oonsist of a single mass of fluid oomristing of two bulbs joined by a 
neok, somewhat like a dumb-bell. In the figure conjeotntal lines are 
inserted to show how the overlapping of the masses mnst be replaced 
by the neok of fluid. 

A comparison is also made between the Jacobian ellipsoid of equili¬ 
brium with three unequal axes and the dumb-belL It appears that 
with the same moment of momentum the angular velocity is nearly 
the same in the two figures, but the kinetic energy is a little less in 
the dumb-bell. The intrinsic energy of the dumb-bell is, however, 
' greater than that of the ellipsoid, so that the total energy of the 
dnmb-bell is slightly greater than that of the ellipsoid. 

Sir William Thomson has remarked on the “gap between the 

mutable Jacobian ellipsoid.and the case of the smallest 

moment of momentum consistent with stability in two equal 
detached portions.” “ The oonsideration,” he says, “ of ho# to fill 
up this gap with intermediate figures is a most attractive question. 
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towuda anawwring whidi ira at present offer no oontribaticn.”* This 
paper is intended to be such a oontribntion, althongh an imperCect 
one. 

M. Poinoard baa made an admirable investigation of the forms of 
eqailibriom of a single rotating msM of fluid, and has specially eon* 
sidered the stability of Jacobi’s ellipsoid.f He has shown by a 
diffionlt analytical process, that when the ellipsoid is moderately 
elongated, instability seta in by a farrowing of the ellipsoid along a 
line which lies in a jilane perpendionlar to the longest axis. It is, 
however, extremoly remarkablo that the farrow is not symmetrical 
with respect to the two ends, and there thna appears to be a tendency 
to form a damb<boll with nneqnal bnlbs. 

M. Poincare’s work seemed so important that, althongh the fignres 
above referred to were already drawn a year ago, this paper was kept 
back in order that an endeavonr might be made to apply the prin¬ 
ciples enonneed by him, concemh^ the stability of snch systems. 
The attempt, which proved abortive on acoonnt of the imperfection 
of approximation of spherical harmonic analysis, is gircn in the 
appendix to the paper, because, notwithstanding its failure, it presents 
features of interest. 

The oalcnlations in this paper being made by means of spherical 
harmonic analysis, it is necessary to consider whether this approxi. 
mate method has not been pushed too far in the computation of 
figures of eqailibrium which depart considerably from spheres. ▲ 
rough critenon of the applicability of the analysis is derived from a 
oomparison between the two valuea of the ellipticity of an isolated 
revolntional ellipsoid of oqnilibriam as derived from the rigorona 
formula and from spherical barmonio analysis As judged by thiq^ 
criterion, which is necessarily in some respects too severe, the figures 
drawn appear to present a fair approximation to accuraoy. 

Sinoe, as above stated, the rigorons method of disenssing the 
stability of the system foils, certain considerations are adduced wbieh 
bear on tho conditions under which there is a form of equilibrinm 
consisting of two fluid masses in close proximity, and it appears that 
there cannot be such a form, unless the smaller of the two masses 
exceeds about one-thirtieth of the larger. It seemed therefore worth 
while to find to what resnlte tho analysis wonld lead when two masses, 
one of which is 27 times as groat as the other, are brought oloee 
together. As judged by this criterion the computed reenlt mnst be 
very far from the truth, bnt as the oriterion is too severe, it seemed 
worth while to give the figure. The smaller masa ie found to be 

• Thomion end Tait, ‘ Katuiml Philosophy,’ (1888), JTTS (i). Ho aUo romsrko 
elsewhers that by thinnhig a Jaoobian ellipsoid in the middle, we shall get a flgun 
of the same moment of roomeotum and less Unetio energy. 

t ’ Acta Hath.,' 7,8 and 4^ 1885. 
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deeplj furrowed in a plane parallel to tbe azia of rotation, so ae to be 
abap^ like a dumb-bell, and altbongb tbia reetilt can onij be taken 
to represent tbe tmtb very rongbly, yet it cannot be entirely explained 
1^ tbe imperfection of tbe analytioal method employed. It appears 
then as if tbe smaller body were on tbe point of separating into two 
maaaee, in tbe same sort of way that tbe Jacobian ellipsoid may be 
traced throngb the dnmb-bell shape until it becomes two masses. 

M. Poincard has commented in his paper on the possibility of the 
application of his results, so as to throw light on the genesis of a 
satellite according to the nebular hypothesis, and this investigation 
was undertaken with such an expectation. Ha remarks, however, 
that the conditions for the separation from a mass, which is strongly 
concentrated at its centre, are necessarily very different from those 
which he has treated mathematically. 

However, both his investigation and the considerations adduced 
here seem to show that, when a portion of the central body becomes 
detached through increasing angular velocity, the portion should bear 
a far larger ratio to the remainder than is observed in our satellites, 
as compared with their planets; and it is hardly probable that the 
heterogeneity of the central body can make so groat a difference in 
the results as would be necessary, if we are to make an application of 
these ideas. 

It seems then at present necessary to suppose that after the birth 
of a satellite, if it takes place at all in this way, a series of changes 
occur which are still quite unknown. 


aVIL " The Influence of Stress and Strain on the Physical 
Properties of Matter. Part I. Elasticity—continued. The 
Velocity of Sound in Metals, and a Compeurison of their 
Moduli of Torsional and Longitudinal Elasticities as 
determined by Statical and Kinetical Methoda" By 
Hekbkrt Tomlinson, B.A. Communicated by Professor 
W. Grtlls Adams, M.A., FJB.S. Received April 211, 18tS7. 

(Abstract.) 

The principal object of the investigation was to ascertain whether 
the values of the moduli of torsional and longitudinal elasticities, ss 
determined by statical methods, would be tbe same as when deter¬ 
mined by kinetioai methods, provided the deformations ptoduoad were 
very small. 

The method of determining the modulus of longitudinal elasticity 
statically has been already described.* This method was applied with 
• ‘FhiLTrfaM.,’U8S,PutI. 
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the greatest oare to wires of piano-steel, copper, platmom-silver, silver, 
and platinum. The wires of copper, silver, and platinum were obtuned 
from ICessrs. Johnson and Matthey as chemically pure. 

The same wires were also tested for the value of the modulus of 
longitudinal elasticity by the method of longitudinal vibrations. In 
this method the wires were fixed at both ends, and corrections, which 
are fully desoribod in the paper, were made for the want of rigidity 
in the supports at the ends. The same method served for deter¬ 
mining the velocity of sound in the metals piano-steel, iron, copper, 
German-silver, platinum-ailvor, silver, and platinum, with considerable 
accuracy. The following two tables givo the results obtained:— 


Table I. 


MetaL 

Condition. 

Deneity. 

Voiooity of sound in 
metres per second. 







7-6831 

6096 

f t/kp||SSS« 

Unannoalad.. . 

8-8976 

8958 

German-nlTer .... 


8 6330 

, 8860 

Platinum-filTer .. 


18 1900 

8804 

Silver.. 


10 4668 

8801 

Platinum. 

. 

81-0500 

8750 


Table II. 


MetaL 

Condition. 

Youngs modulus m 
grams per so. cm. 
ai oMaineu bj 
the kinetioal 
method. 

Ditto, at obtained 
hr the etatual 
method. 

•i 

Plono.stee1 .. 
Copper 

Plenum. 

Platmiun-mlvrr 

Vnaanealed. 

8133 KlO* 

1316 

1688 

997 

836-6 

8140 xKP 

1383 

1623 

1001 

828-6 

Mmo. 

0*997 

0 996 
1-000 
0-996 
1-008 


0-999 



Four of the wires used in the experiments on longitudinal elas¬ 
ticity were also tested for torsional elMtioity, both by the method 
of statical torsion, and by the method of. torsional vibrations. The 
diameter of each of the wires was about 1 mm., and the lengths 
varied from 650 to 800 cm., thus even with veiy small torsional defor- 
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mationii, oonaiderable Monittoy wm The malto of theis 

laifc ezperimenta are given in Table III. 


Table III. 


MetaL 

Condition. 

Modnlui of 
tornonal eUsUahy 
in grams per 
iq om. obtained by 
the station method 
*v. 

Ditto, obtained by 
the kinetiosl 
method. 

rt 


VUtmum.... 

UiUer. 

Aluminium ,. 

Annealed.. 
Unannealed. | 

7S1 SxlO* 

66S S 

275 6 

267-7 

766-6X10* 
663-6 

278 0 

266-9 

iiii 


The general results of the whole investigation may be expressed os 
fallows. — 

1. The value of the modulus of longitudinal elasticity for hard* 
drawn metals, as determined by the statical method of loading, accords 
with tho value obtained by the method of longitudinal vibrations, pro¬ 
vided the deformations are sufficiently small. 

2. The velocity of sound in a metal wire is independent of the load 
on tho wire 

3. The velocity of sound in a motal wire is not ponsibly altered by 
permanent extension of the wire. 

4. The value of the modulus of torsional elasticity, as determined 
by thd statical method, accords with the value obtaiued by the method 
of torsional vibrations for most metals in the hard-drawn condition, 
provided the deformations produced are small. For annealed iron 
the value of tho modalos obtained by the second method slightly 
exceeds that obtained by the first method, and by an amount which is 
greater than can be attributed either to the beating and cooling efleois 
of contraction and expansion, or to errors of observation. * 
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Vm. “ On E^reatiniius. I. Qn the Kreatinin of Urine, as distin- 
gnished from that obtained from Flesh-kreatin. IT. On the 
Kreatiuins derived from the Dehydmtion of Urinary 
Kreatia” By Geokgb Stillinoplkbt Johnsox, M.R.O.S., 
F.C.S., F.LC. Communicated by Geobue Jouxsox, M.D., 
F.B.S. Received May 5, 1887. 

(Abstract.) 

PjiKr 1. 

This investigation was snggosted by a oarefbl study of the reducing 
action of normal human unne upon piono aoid in presence of potaah 
at the boiling temperature. 

The picric acid method for the quantitative estimation of sugar in 
urine was introduced by Dr. George Johnson in 1883. Whilst 
assisting him in working out the details of the process, the author's 
attention was drawn to the small amount of reduction exerted by ali 
specimens of normal human urine. The average pionc reduction 
observed was equal to that which would be effected by a solution of 
glucose containing O'O grain to 1 fluid ounce. 

The reduoiiou of cupric oxide in boiling alkaline solution was 
always somewhat greater, averaging 0*7 grain per 1 fluid ounce. 
Although many physiological chemists express the opinion that 
normal hniuan urine contains always a little sugar, to which this 
rednoing action is to be attributed, the author’s researches have led 
him to an opposite conolnsion. 

The reducing agent of normal urine differs from glucose ii^pro. 
daojug some reduction of picric add in presence of poUbsinm hydrate 
at the ordinary temperature (vide Dr. B. Kirk, ' Lancet,’ June 16, 
1883). 

TheVeduoing agent of normal urine cannot be made to undergo 
the alcoholio fermentation in preaenoe of yeast, fievertbelei^ 
Dr. Pavy (' Med. Ghir. Soo. Trans.,’ vol. 63, p. 822) attributes oae> 
fourth of the reducing action of normal urine upon ouprio oxide to 
uric add, and the remaining three-fourths to “ the small amount of 
sngar naturally present in urine.” 

Brflcke is also of opinion tiiat normal human nrine contains a 
small quantity of sugar. 

Urio aoid and kreaUnin together are credited by Prof. E. Salkowski 
(* Oentrslblatt fdr die Medidnisohei) Wissenschafteii,’ March, 1866) 
with from one-sizth to one-fifth of the total reducing action of normal 
wine, the remainder being due to ‘'other substanoes, and veiy 
jwobahly to oompoonds of glyooronio add' (Olykurons&ureverhiiul- 
lutgoo).” • 
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The anfhor found thafc about tbree-foortba of the total reducing 
notion of normal urine is destroyed by prolonged boiling with potas* 
Siam hydrate, tho remaining one.fonnh being due to the eurviral of 
the nrio acid, thus oonfirming Dr. Pavy’s observation that one>fonrth 
of the normal reducing action is due to ntio acid. 

On attempting to isolate the normal reducing agents by precipitants, 
it was found that mercuric chloride gradually effected complete pre* 
cipitation of the reducing agent when added in sufficient excess to 
the unconcentratod urine. Complete precipitation can be effected in 
forty-eight hours if one-twentieth of its volume of a cold saturated 
solution of sodic acetate be first added to the fresh unne, then one- 
fourth of its volume of a cold saturated solution of mercuric chloride. 
The precipitate, which forms immediately, should be separated by 
filtration, as it contains no reducing agent except uric acid, whiiA 
is probably present in it as merourio urate; bnt the filtrate from the 
first amorphous precipitate begins to deposit the mercury salt of the 
reducing base in about half an hour. This deposit appears granular 
and orystallino, bnt under the miorosoope is found to consist of 
minute spherical masses. Tho weight of the dry spherical precipitate 
is always greater than that of the amorphous one weighed in the same 
condition. The desiccation must bo conducted over sulphuric acid at 
the ordinary temperature, since the compound is decomposed at 100° 0. 
in presence of water. 

The filtrate from this granular (spherical) mercury salt is devoid 
of reducing action upon cuprio oxide and pien'o acid. The spberioal 
mercury salt of the reducing base (for the basic nature of the normal 
reducing agent is strongly indicated 1^ the above results) is easily 
solulile in hydrochloric acid, bnt insolnble in acetic acid. Moistened 
with solution of potassium hydrate, the compound gradually blackens 
from reduction of merouty at the ordinary temperature, and muoh 
compound ammonia is evolved. Suspended in cold water and treated 
with hydrogen sulphide, the compound is decomposed, merourio sul¬ 
phide remaining undissolved, whilst the solntion becomes aoid in 
reaction, and exhibits rednoing properties. On evaporating this 
aoid solution a crystalline salt is obtained, whiob is the hydrochloride 
of the facing base. As the spherical merenry salt, obtained as 
above nrine, appeared to be always quite homogeneons and 

pare, with the exception of a little oolonring matter, the exact weight 
of the compound obtained from known volumes of urine was next 
ascertaiued. 

The sAmples of urine examined were in all oases ascertained to be 
free from albnmen and sugar before precipitation. The filtrates from 
the first or amorphous precipitate, produced by merourio chloride and 
Bodio soetate, were allowed to oolleoi in a lar^ glass vessel, in which 
the spherical oomponud gradually aoctimi)lat^. After standing 
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■ome days, tha total precipitate wae oolleoted, waebed with cold water, 
dried in a Taountn over HjSOi, and weighed. 

(I) S4,6dO 0 . 0 . of urine gave 198 grama of Hg aalt, equivalent to 
57 grama of Ug aalt per litre of urine. 

(II.) 40,625 0 . 0 . of urine gave 293*13 grama of Hg aalt, equivalent 
to 7*19 grama of Hg aalt per litre of urine. 

The mean apeoiHo gravity in Experiment I was 1 020, and the 
mean reduction of piorio acid waa equivalent to 0*67 groin gluooae per 
1 fluid onnco. 

The mean apocifio gravity in Experiment II waa 1 022, and the 
mean reduction of picric aotd wae equivalent to 0*86 grain of gluooee 
per 1 fluid ounce. 

In my own case I found that the moan quantity of meronry salt 
obtained from the urine of twenty-four hours agreed very nearly with 
the above reeulta, the total urine of six days ^ving been carefully 
collected and examined each twenty-four hours. 

The formula of the spherical meronry salt arrived at by analyaia 
is 4(CJI,N.O.HCl.HgO) .SHgCl,. 

It may here be observed that merouric chloride has been reoom 
mended by Maly (* Ann. Ghem. Pharm vol. 159, p. 279) for preparing 
kreatinin from the urine of man or the horse. Ho does not mention 
the fractional precipitation by mercuric chloride, but recommends a 
preliminary concentration of the urine by heat, and precipitation by 
basic lead acetate before adding merourio chloride. On repeating hia 
process I found that even after the removal of the nrio acid, do., by 
baaio lead acetate, the merourio chloride still produced an immediate 
flooculent precipitate, followed by a granular one, and if the floconleni 
amorphous matter waa not aeparated by filtration, the total meronry 
precipitate yielded a gummy maaa after treatment with HjS, which 
would not yield orystala until treated with alcohol, as Maly himself 
recommends. By my method, however, the bydroohlorido of the 
tednoing bane is obtained in crystals after the first evaporation; these 
orystala contain chlorine lu the proportion required by the formula 
04 H,Ni 0 .HCl. 

The platinum *aU of the reducing base » obtained in the form of 
anhydrous crystals, when an aloobolio solution of its hydrochloride is 
mixed with an alcoholic solution of plntiuio chloride. If these anhy¬ 
drous cryatals bediaaolved in water, and the aoliition evaporated, or if 
the aqueous solution of the hydrochloride of the base be mixed with 
platinio chloride in aqueous solntiou and evaporated, fine orange, 
coloured prisms separate out, wbioh have the formula 

2(C4H7NAHCl).PtCl«.2H,0. 

‘Heated to 100” C., theae ciystals become anhydrous, yellow, and 
'opaque. 

VOU XLH. 


2n 
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The yV-M rtduoing hm ii obteined firom ite hydroohloride bj mixing 
the oonoentrated aqneona eolation with ezoem of pore lead hjdrate 
without beat, and filtering; the olkaliBe filtrate by epontaneone evapo¬ 
ration deposits large square plates with bevelled edges, or long efilo- 
resoent prisms if great core is token to avoid heating the solntion of 
the hjdroohJoride. The aqneons solution of the free base is alkaline 
in reaction, intensely bitter to the taste, gives crystalline precipitates 
with sine chloride, mercuric chloride, and picric acid, but none with 
silver nitrate, unless the solution be very oonoentrated. 

The reducing base, which is nndonbtedly the natural kreatinin of 
urine, when anhydrous, has the empirical formula CiHiKaO, but the 
efBoresoent kreatinin, obtained only when great care is token to avoid 
heat, has the composition 04HtN,O.2HtO. After efflorescence this 
body has the same percentage composition as the onhydrons tabular 
kreatinin.— 

1 port by weight of the tabular kreatinin dissolves in 10 78 parts of 
water at 17° 0. 

1 part of the tabular kreatinin dissolves in 362 parts of absolute 
alcohol at 17° G. 

The efflorescent kreatinin (before effloresoenoe) dissolves in 10'6 parts 
of water at 14° G. The effloresced kreotinin requires 14 parts of 
water at 14° G. for solntion. 

The natural kreatinin of urine reduces cupric oxide in proportion 
os 12 ■ 10 parts by weight of glucose. 

The average weight of this base passed I7 a healthy man in twenty- 
four hours (as determined by weighing the spbonoal merouiy salt 
precipitated from the urine os above) is ^m 1 7 to 2*1 grams, equiva¬ 
lent in reducing action upon cupric oxide to from 1’5 to 1’75 grams 
of glucose (= 23 to 27 grains of glucose in 62 8 fiuid ounces of 
unne). 

Therefore cuprio oxide will be reduced by the normal urine in quanti¬ 
ties equivalent to the reduction effected by 0*43 to 0*51 groin of glucose 
per 1 fluid ounce. The conclusion is that the total reduction effected 
by normal urine is accounted for by the uric acid and kreatinin which 
it contains. 

Part II. 

The natural urinary kreatinin yields a kreotin when its dilute 
aqueous solution is subjected to prolonged ebullition; and this 
kreatin, when treated by Liebig’s process, is converted into kreatinin 
hydroohloiide. 

This artificial kreatinin hydrochloride differs from the hydrochlo¬ 
ride of the natural kreatinin of urine, in that it crystaHises from cold 
oqueons solution in efiorosoent oiystols, whereas the bydroffliloride of 
the natural base is always onhydroue. 
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Efflorescent and tabular kreatinins maj be obtained from this hydro* 
chloride, resembliug in crystalline form and percentage composition 
those derived from the natural hydrochloride, but exhibiting some 
important differences. Tims the platinum salt of the artificial 
tabular kreatinin requires nearly twice as much water to dissolve it 
as that of the natural base at the same temperature. 

Both the natural and artificial kreatinins form well-crystalliHod 
gold salts. The gold salt of the natural kreatinin is unchanged by 
ether, but that of the artiBoial base is decomposed thereby, the 
kreatinin hydrochloride separating out, and the auric chloride passing 
into solution. 

Finally the artificial kreatinins are leas powerful reducing agents 
than the natural base. 

4 mols. of the natural kreatinins are equivalent to 2 mols. of 
glucose. 

6 mols. of the artificial kreatinins are equivalent to 2 mols. of 
glucose in reducing action. 

Therefore artificial kreatinins most not bo compared with the natural 
base as to their reducing action. 

Note added 13th May, 1887. 

Professor W. N. Hartley has observed a marked difference in the 
absorption spectra of the natural kreatinin of nnne, and of an 
artificial kreatinin obtained by the author from flesh kreatin. 


IX. “On Ga$terolichene», a New Type of the Group Lichenet" 
By G. Masske. Communicated by W. T. Tbibelton Dybb, 
f!r.S. Received May 5, 1887. 

(Abstract.) 

In the greater number of Lichme$, the fungal constituent belongs 
to the section Awomyoetes, characterised by having the spores pro¬ 
duced in aeoi. Recently a second group of Lichens has been de¬ 
scribed, and called Hymenoliehenet, in which the fungus belongs to 
the Hymenomycetons ISatidiomyoetM, and closely related to the 
genera Oortieium and Stereufn, In the present oommuuioation, a 
third type of lichen structure is described, in which the fungni 
belongs to the order Q(utfromye«te$, or pufir-ballB. Oa$terolichmu is 
the name suggested for this group, which consists of two genera, 
Bmeriedla, Berk., and Trichoeoma, Jingh., hitherto described as 
fungi. 
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X. “Experiments on the Discharge of Electricity through 
Gases. (Second Paper.)” By Arthur Sohustkr, F.R.S., 
Professor of Applied MatbematicB in Owens College. Be* 
ceived May 18, 1887. 

Three jears ago I gave a sketch of a theory of the passage of 
electricity thruagh gases, in which it was aBSomed that in the 
gaseons discharge an atom carries a definite moleonlar charge jost as 
in electrolysis (see Bakerian Lecture, 'Roy. Sec. Froc.,’ rol. 87, 
p. 317). I showed how this moleonlar charge if constant might be 
measnrod, and 1 hare since that time worked oontinnonsly in arrang¬ 
ing for the necessary experiments. 

1 hare, with the help of a grant from the Royal Society, mounted a 
battery which gires mo an eloctromotire force of 1800 rolts, which I 
hope will be sufficient for mj purpose. The experiments which I have 
in view, mrolro the accurate measurement of the olectrio potential at 
different points of a vessel through which a discharge is passing; buf 
before these conld bo nndertaken a number of intermediate qasetions 
had to bo settled by experiment. As these have in this way estab¬ 
lished some definite points which 1 believe to be of importance, I 
ventare to bring them before the Society. 

In thinking over the phenomena presented to ns in vaonnm tnhes, 
1 dways fdlt a diffionlty owing to onr ignorauoe of the conditions 
which hold at the surface of bodies, either snspended in or near the 
diaohaige, or even at the boundary of the vessel throngh which the 
disohai^ is passing. It is evident enough, that if there is a flow of 
electricity on the snrfaoe of a nomoondaotor that flow mnst be 
tangential, bat it is not so clear whether we are jnstified in oonclading 
from this that there can be no normal forces at snch surfaces, for it 
is not neoeesary that the flow ahonld always take place along the lines 
of force. Imagine, for instanoe, a discharge to consist of partiolea 
charging at one pole, then moving, under the notion of eleotrio fckoea, 
to the other pole; and let the vacnnm be saflioioutly good that few or 
no enoonnters take place while it passes from one pole to another. 
Then bring an electrified body near the ditobarge. That body may 
cMleot the particles conveying it, bnt unless its eleotrifloation is 
snffioiently large, it will not draw op the discharge to its snrfaoe, so 
that the normal forces on the eleotnfled body which has been intra* 
doced need not be nentraliaed by the diaohaige. 

The question is one altogether for experiment to decide. Snppoeing 
we snspend two pieces of gold leaf, as in an eleotrosoope, at any place 
in a partially exhausted vessel, and render them divergent by eleotci* 
fleati^ they shonld oollapse as eoon as the disoharge begins to paatt 
if tangential forces only can permanently exist at their sarfrme. Thin 
1 hava tested by experiment and fonnd to be the oasst' 
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A i^lindrioal glut tbomI, 88 om. liigh and 16 om. -wide, wm 
dirided into two approximately eqnal compartments by a Tertieal 
metallic screen. There was an open space of about 5 mm. between 
the screen and the sides of the vessel, a space about 4 cm. above, and 
8‘5 cm. below the screen. One compartment contained two pieces of 
gold leaf, which oquld be charged from the outside. The otiier 
compartment contained two electrodes about 6 om. apart, and 2 om. 
from the screen; these distances could be varied during the experi¬ 
ment. The screen was always conducted to earth, and the electric 
fields on the two sides of the screen were therefore nearly independent 
of each other. When the gold leaves were electrified and divergent, 
and discharges from the induction coil passed between the electrodes 
on the other side, no effect could be observed at atmospheric pressure: 
the gold leaves remained divergent. 

At a pressure of about 4'3 om. of mercniy, the effect I was looking 
fmr first appeared; when the discharge passed, the divergent leaves 
Uowly ooUapsed, and as the pressure was further diminished the 
collapse took place more and more quickly. 

We have here then even with the disoontianous discharge a neutra- 
Uaatkm of all normal forces at the surfisoe of the gold leaf. 

Fig. 1 illustrates in a diagrammatio form the arrangement of the 
experinsent, A and B being the electrodes, S the screen conducted to 
earth, and E the gold leaf. 



In previous experiments, which were not so satishuitory from 
another point of view, and which I therefore do not quote, the same 
effects were observed both with the continuous onrrents from the 
battery and the dischaiges from the coil; the only difference being, 
that the effscts due to the oontinnons discharge were more rapid and 
regnlw than those due to the induction coil. As soon as the pressure 
waa auiBoiently reduced to allow the continuous dioohaige to paaa, the 
destruction of npimal forces took place. 

It seemed to me to be intereeting to observe more parthmlariy the 
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effwsta of the ordinary duohai|fea we hare at onr oommand, at 
atmoepherio preeinre. 1 took two light halia, and mapended them 
eo th^ they ooald be made to diverge by electrification. The 
eleotrodea (either apherea or pointa) of a Voea machine were placed at 
a diatance of 8 inchea from e^ other, and the electrified balla were 
placed at a distance of 9 inches from the discharge. The reaalta 
are contained in the following table, in which the two first 
colnmna indicate whether the elmtrodes of the Voss math ne were 
points or spheres. The third oolnmn gives the electrification of the 
balla, and ^e fourth column the reanlts. 


Nfl^itive tleatrode 

PoatiTo deotrode. 

BsUf. 

Besnlt. 

Sphsrs 

fipluM 

Poative 

Balls oollapM slowly 

Point 

Point 

Nemtiva 

Poaliw 

NsgsSws 

„ renuun diTormt. 

„ oollapM qniouy. 

„ lemau divorgent. 

Pout 

Sphen 

Nsgstee 

PodbTV 

„ oollapM (lowly. 

„ „ quioUy. 



Neptive 

„ tesnin divergent. 


It will be aeen that when the two eleotrodea are aunilar, whether 
spheres or points, the balls collapse when they are electrified posi¬ 
tively only; but that when one electrode is a sphere and another a 
point, the brils oollapae if their eleetrifioatioa is of the opposite nataie 
to that supplied by the point. 

1 shall rrier to the theoretical bearing of theee experiments at the 
end of the present paper, bat wish at once to point out, that the 
apparent difference in the results, for jiooitively and negatively 
electrified balls, can be one of degree only, and not one of kind. 
If the balls are positively eleotirified, they collapse when the two 
electrodes are similar; but in the other case, when the balls are 
negatively electrified, an equal and opposite charge will be found on 
the objects placed in the room, or on the walls. If this positive 
electricity is neutraliaed by the discharge, the balls must ultimatsly 
collapse in this case, as wril as when they were originally positively 
electrified. To test this argument, 1 placed the balls in a glass 
case partially covered on the inside with tinfoil. The inside of the 
case was nearly a cubical space of sides 87 cm. long. The front of 
the case was taken out, and the discharge was taken between the two 
points near the open ^nt The balls now collapsed, whatever tiieir 
charge was to begin with, but more quickly when they were positive 
than when they were negative. 

Confining onrselveB to the case of a discharge between polntb asfd 
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poaitive bidla in ita neighbourhood, the qneation remsina whether they 
will oollapee ultimately, whaterer their diatanoe from the diaohaige, 
or whether there ia a finite diatanoe beyond which no effect oan be 
ohaerred, even if the diaoharge be oontinned indefinitely. Withont 
wiahing to expreaa any final opinion on the point, 1 may yet give the 
impression I have obtained from the experiments I have made. I 
believe that, whenever we have a oontinuuna and steady discharge in 
an inolosare, however large, the complete neutralisation of all normal 
forces on surfaces through which no current goes is only a question 
of time, bat that if there is any discontinuity in the currents (as I 
believe is the case in all dischaigos at atmospheric pressure) there is 
a definite distance (depending on the time intervening between two 
discharges) beyond which no effect will be observed. 

The conclusion thus arrived at, which will be proved beyond 
possibility of doubt in the second part of this paper, is this ; ws ran 
only have tangential foreei at the eurfacee of veeeelt eneloting a gat 
through which a diuharge it fatting, provided no current crosses the 
aurfaoe. It may be that tlria eouclnaion will appear evident to some 
without experimental proof, bat I found it necessary to obtain definite 
evidence, because the fact itself has been oonstantly neglected and 
disregarded. 

Thus, for instance, it is found that elootrified bodies placed outside 
a vessel thmiagh which a goseona discharge is passing, do not 
permanently afieot the iqipcaranoe of the dischaige, and this fact is 
commonly taken to prove that there oan be no free electricity of either 
kind in the discharge. But it follows from the surface condition at the 
inside of the vessel, that this surface must act as a complete screen 
between the electrified bodies placed inside and those placed outside 
the vessel; and the experiment therefoie proves nothing. 

In similar fashion, CKildstein observed that certain actions of one 
negative -electrode on another were destroyed when a screen was 
interposed between them. The results obtained in this paper give 
the obvious explanation of this fact. 

After I had convinced myself that yn eleotrified body placed in a 
partial vaonnin through whidh an eleotrio current is going, has its 
eleotrioity quickly nentnUised, it was doubtful still whether this 
neutralisation was due to an actual discharge or merely to a covering 
of eleotrified particles of an opposite sign. The question is a vital oner 
in all oases where potentials have to be measured. For we oan only 
measure potentials of a gas by measuring the potential of a metal 
in oontaot with it; and if an electrified body is covered by eleotntied 
partioleo of a different sign, there is a finite difference of potential 
between the metal and the gas, and we should have to inquire care- 
fully, in each particular case, how &r such a diffetenoe would affect 
oar oondnsioos. 
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Hiiiorf has measured with great snooen the fall of potential at 
different points of a vacnnm tnhe throngh which a discharge was 
passing, and none of hts principal conclusions are affected by these 
soraples, for he gives in his paper safRoient evidence that his method 
is applicable to the cases he has examined. Bat the purposes I have 
in view rendered a measarement of potential necessary under severe 
conditions, in which a serious error might have been introduced by 
aMuming without verification that the potential of a metal is the 
same as that of a gas in oontact. 

Strictly speaking, the potential is always continuous as long as we 
we dealing with finite charges, but when a layer the thickness of 
which extends to molecular distances has its sides charged with oppo¬ 
site electncity, it is onstoinary to«ompare the two sides of sneh a 
layer directly with each other, and neglecting the rapid variation of 
potential within the layer, to apeak of a discontinuity of potential. 
It IS in this sense that I am here speaking of a possible finite differ¬ 
ence of potential between a metal and the gas in contact. 

The question is settled by the principal result of this paper: 

A iteady current of electricity can be Stained in air from dectrodet at 
the ordinary temperature which are at a difference of potential of one 
quarter of a volt only (and probably leu ); provided that an independent 
current it maintained in the tame doted vetiel. 

In other words, a oontinuous discharge throws the whole vessel into 
such a state that it will condnot for electromotive forces which I 
believe to be indefinitely small, but which the sensitiveness of the gal¬ 
vanometer I used has prevented me from tracing with certainty below 
a quarter of a volt. There cannot he therefore a finite differonoe of 
potential between a gas and a metal in contact greater than that 
aihount. 

Hittorf,* who has done more to clear up this subject than anyone 
else, has found already that a oorrent ftom a few cells will pau cross¬ 
ways throngh a discharge in vacuo, but his anxiliary electrodes wire 
introduced into the discharge itself, and it wae donbtfnl, therefore, 
how far the reenlts were dne to the high temperature of the particles 
carrying the luminous disofaarge.t 1 was aiming, on the contrary, at 
placing the secondai7 electrodes as far from the mam discharge as 
possible, and at rending by means of screens the two electric fields 
as independent of each other as possible. 

I need not deaoribe all the snoceesive experiments in which I have 
endeavoured to make my tests more and more severe. It wUl be 

• * Wisdemsnn, Anaaleii,' voL 7, p. 614. 

f That h{|^ tenparatttM itMlf is a uattw on wbieh aathoritM diSar. I do not 
dMiro at pmrat to oanunit inyMif to any view which mmu to mo to involve a 
dsflnition of “ temperaturM " under exceptional oircumatanofi. 
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nfflouat £> gire an aooonat ot thon experiments which I consider 
moat oonolasire. 

The same Teasel was need as in the prerions experiment; the screen 
WM not BO long, bnt left a space of 10 cm. free at the bottom. Fig. 9 
wiU explain the arrangement. BS' is the screen, always conducted te 
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earth; A and B are the electrodes for the main discharge; C and t) 
are the auxiliary electrodes, which were of the form of copper cylin* 
ders, 4 cm. high, and haying a diameter of 1 and 1'8 cm. respeo* 
tirely. Their distance was 2 cm., and their axis was 2 cm. away from 
the screen. Of the main electrodes, one was 2 cm. and the other 
1 cm. away from the screen; their distance was about 4 cm. The 
discharge from the battery was always used. Whenever a steady 
current passed between A and B, an auxiliary battery of Clark cells 
would send a steady current between C and D, and the lower limit of 
electromotive force capable of producing a measurable current seemed 
only to depend on the delicacy of the galvanometer. 

Thus, for instance, at a pressnre of about f mm., a current of O'll 
ampin was sent from A to B; and the following currents were 
obtained when the poles of an auxiliary battery were connected with 
C and D, the galvanometer being insert^ in tlw auxiliary circuit;— 


40 Clark cells . 0*082 mioro>amphre.* 

20 . 0*021 

10 0*014 

1 Ledanchi . 0005 


On another day I tried to reduce the electromotive forces still 
further. The galvanometer, however, had for this purpose to be 
rendered so astatic that the always changing torsion of the fibre sns* 
pending the mirror was a source of serious trouble; for this reason 
the numbers have not much value in themselves, but there was no 


* 1 nimoauptrs « 1 sapbe k 10~*. 
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doabt in eaoh OMe u to the exiitonoe of % onrront. The whole effect 
WM smaller on that da^ for reaaons which oonld be traced. 

1 Ledanch^ gave a oorrent of 0*0010 micro-ampere. 

S/18 „ 0*0011 

1/6 „ „ 00003 

The mein carrent in these last ezperimenta was 0*006 ampere. 

An eleotromotiTo force of one-sixth Leolanohe is about one-qnarter 
of a Tolt, and a carrent has thna been obtained m a gas from an 
eleotromotiTe force which oonld not maintain a carrent through 
water. 

An eleotromotiTe tone of 0*1 volt gave donbtfal resolte, bat this 
was probably due to the experimental difflonlty of detecting the 
current. 

In eome previoos experiments, which, however, were not quite free 
from objection on other grounds, the lowest electromotive force for 
which the currents could be measured was 0*2 voli 

The experimental arrangement whidi is the beet for the qualitative 
investigation of the effect is not the best for quantitative measure¬ 
ments, and I have therefore not endeavonred to follow out to any 
great extent the quantitative laws of these currents produced by low 
electromotive forces. I may gpve, however, some foots which I have 
observed. The intensity of the current depends on a great many 
oiroamstanoes. 

1. It increases rapidly with the intensity of the main discharge, and 
also with a reduction of pressure, as far os I have tried it (that is 
about I mm.). 

2. The intensity of the current from the auxiliary battery inc rea s es 
less rapidly than the eleotromotive force. 

3. In some experiments in which one of the electrodes of the 
auxiliary battery was a copper wire and the other a copper cylinder, 
tile current was nesriy always ooasiderably stronger w^n the larger 
snrfooe was the kathode. 

A. Anything that facilitates the diffosion of gas from the main 
euirent to the auxiliary electrodes will increase the strength of the 
onvent observed. In some experiments, in which the screen sepa¬ 
rating the two fields was made of wire ganse instead of tinfoil, the 
onrrents were stronger than those given above, 

5. In the arrangement shown in fig, 2 the onrrents were stronger 
when the main electrode A was negative than when it was positive. 

Considerable oars has to be takmi, especially when no screen is used 
or when it is not oondneted to earth, in order to avoid leakage 
curents. However well tiie battery may originally have been insu¬ 
lated, the insulation always grows worse with time (owing to dust and 
moistnre). If, then, any part of the auxiliary circuit itself is not pro- 
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perlj inmlated, we euilj get » oarrent throngh the galvuiometer 
which is nothing bnt a branch oarrent from the mam dieoharge. Snoh 
a leakage oarrent, even when it ie weak, ooneiderably inoreaaee the 
eSeotH described in this paper. 

These experiments show ounclasirely that there is nothing peonliar 
in the gaseous state of a body to prevent any electromotive force how¬ 
ever small from prodncmg a current. If a finite electromotive force is 
required under ordinary oircnnutances the fact cannot be aooonnted 
for, as Eldland and others have attempted to do, by a special snrfaoe 
resistance which has to be overoome by a finite difference of potential 
at the sarface. 

1 think the facte are very well accounted for by the theory which I 
have proposed in my last paper. If *the two atoms of a gas making 
np the molecule are charged by opposite electricities, bat are held 
together m addition by moleonlar forces, a fimte force is required to 
overoome the latter. Bat as soon os that force is overcome and the 
atoms themselves are set free to diftnse and constitate a oarrent, these 
atoms will be able to follow any eleotromotive force which wo may 
apply. If, then, wo have auxiliary electrodes, these electrodes will 
establish their electric field which we can never screen off completely* 
from any other part of the vessel except by closed surfaces. The 
atoms, with their positive and negative oharges, will diffose across to 
the auxiliary electrodes and give off their electricity to them. No 
finite difference of potential is required in the auxiliary electrodes, 
because even if there is work done in making an atom intmhange its 
positive for negative eleotricity, that work is undone again at the 
other pole, where atoms of a similar land interchange negative for 
positive electricity. 

This I believe to be the general explanation of the phenomena de¬ 
scribed in this pcqier. In order to account for the peculiar difference 
between positive and negative electricity which appears in the experi¬ 
ments done at atmoepherio pressure, also those mentioned under 5 
(p. 377), we must make some fhrther supposition. I have already 
mentioned in my last paper that, according to the theory I have pro¬ 
posed, we must imagine the molecules to be broken npat the negi^ve 
pole, and I believe that this fact will ultimately be found to account 
for this apparently nnsymmetrioal property of the two electricities; 
bnt I should like to strengthen my case by farther experiment before 
going into details on this point. 

I should like, m oonolnsion, to point out an important application of 
these results. I have last year obtained by caloulation results which 
seem to show that the principal cause of the diurnal variation of ter¬ 
restrial magnetism is to be looked for in the upper regions of the 
atmosphere. Professor Balfour Stewart at various times snggssted 
that the air currents in these regions may, owing to the Unes of 
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feroe at teireatrial magnetum, haTS eleotrio cnrrenta oinmlating ia 
them. 

The difficulty against this supposition always seemed to me to lie 
in the fact that the electromotive forces required to start a onirent 
were larger than those which could possibly exist in the atmosphere. 
But as there are very likely continuous electric disturbances going on, 
inch as we observe in aurora and thunderstorms, the regions within 
which these discharges take place would act as conductors fur any 
additional electromotive force however small, so that any regular 
motion, such as tidal motions, could very well produce periodic effects 
affecting our magnetic needles. 

If these original discharges increase in importance, then, according 
to the results obtained in this paper, the currents due to the smaller 
periodic causes would increase also, and they may increase in a very 
rapid ratio. We know that the electric discharges in the upper 
regions of the atmosphere are considerably stronger at times of many 
sunspots, and this may account for tiie fact that at those times the 
amplitude of the daily oscillation of the magnetic needle ia consider* 
ably increased. 

I have had considerable assistance in these experiments from my 
assistant, Ur. Stanton, to whom my best thanks are dne. 


XI. “Contributions to our Knowledge of Antimony Penta- 
chloride." By Richard AnschOtz and P. Norman Evans. 
Communicated by Prof. A. W. WnjjAMSON, For. Sec. R.S. 
Received May 5, 1887. 

Some months ago* we showed that antimony pentachloride can 
be distilled, undeoomposed, under much diminished pressure; our 
next step was the attempt to determino the vapour-density under 
similar conditions. The fact that the boiling point of antimony penta- 
ohlonde lies much lower than that of the trichloride would seem to 
show that the vapour-density of the pontachlorido, as in the case of 
the trichloride, corresponds to the simpler formula. Nevertheloss, 
on aooount of the fundamental importance which the establishment of 
the simple formula SbClg would have for the valence of antimony, 
it seem^ indispensably necessary to make a determination of the 
vapour-density. We will pre&ce our further observations with the 
remsrk that we have not yet snooeeded ia determiniog the vapour, 
density of antimony pentachloride under diminished pressure; how- 
ever, in the coarse of many ansnooeesfhl sttompht which we have 
made to this end, we had one point thmst on onr notioe, which on 
* ' Ohem. Soe. Joum.,' voL 40, US6, p. 706s 
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invsstigatioii led to some important remlia coooeming our knowledge 
of the ohemioal nature of antimony pentaohloride. 

Antimony pentaohloride ie well known to he an extremely hygro* 
aoopio body. Coneeqnently in the appliration of La Goste’s modifica* 
tion of Victor Meyer** method for the determination of Taponiv 
densitiea under diminished pressnre, it was neoeesary to substitute 
liquid paraffin for water; yet, in spite of numerous careful experiments, 
we could not attain our object, the liquid paraffin offered too great a 
resistance to the air, and before all the air had been driven out the 
antimony pentaohloride distilled into the upper and cooler parts of the 
apparatus. During these experiments it was proved to ns that it is 
next to impossible to prevent the formation of traces of the white 
snbatanoe, which is the resnlt of the action of water on antimony penta* 
chloride. Wo were accordingly constrained to pat this method aside. 

Before attempting the determination of antimony pentaohloride by 
another method, we deemed it beat first to find ont the nature of the 
error caused by the formation of the minute amount of the product 
of water reacting on antimony pentacbloride. 

After careful consideration we were struck by the oontradiqtion 
between the oonolnsiona of Danbmwa* and those of B Weber,t con- 
oeming the behavionr of antimony pentaohloride with water. AoMird* 
ing to the latter, antimony pentachloride forms with water a hyirate, 
which is impossible if with 1 mol. of water antimony pentacbioride 
IS changed in the cold to SbOClg and 2 mols. of bydrochlono acid, as 
Danhrawa thinks ho has proved. 

The following resnlle of our experiments show that Daubrawa’s 
statements oonceming antimony oxychloride, RbOClg, are entirely 
wrong. In connexion with these studios wo have occupied ourselves 
with the action of oxalic acid on antimony pentachloride, and have 
snoceeded m obtaining the remarkable prodnrt of this reaction in a 
pure state. 


Seadion of Water on AnHncny Pentachloride. 

Danhrawa allowed 1 part by weight of distilled water to drop ftom 
a pipette into a flask, eaitmuided by kse, containing IC parts by weight 
of antimony pentaohloride. He found the decomposition accompanied 
by hissing, and by the formation of vapour, giving no white pnlvem* 
lent precipitate, but forming a yellowish distinctly crystalline mass, 
which adWed to the flask. Thu crystaUine mass, the behavionr of 
which with water Danhrawa deeoribos in detaQ, is, according to 
bis axudysis, antimony oxychloride, SbOCl), and he expresses its 
formation froni antimray pentachloride and water by the following 
equation:— 


• • Lietng’t Aunslen,’ vol. 186,1887, p. 118. 
t ‘ Poggnidorfl, Auaslta,' vol. 188,1865, p. 86. 



881 


1887 .] 


On Aniimotty Ptntaehlorith. 

Cl 

Cl 

Cl + H,0 = SbOCl, + 2HCI. 
Cl 
Lci 


We proceeded exactly as above deambed, and joined to onr flask a 
receiver containing a weighed quantity of water in winch to collect 
the liberated hydrochloric acid. To 215 grams of well-cooled anti¬ 
mony pentachloride, which had been purified by diatiUation under 
diminished pressure, we added drop by drop 1*2 gram, the calculated 
amount, of water, and found to our surprise that no hydrochloric acid 
was liberated; also that the yellowish crystalline product was equal in 
weight to the sum of the weights of the water and antimony penta- 
chloride originally taken 

The resulting product was only partly soluble in chloroform, and 
was therefore a mixture of different substances. 

We therefore altered the conditions of the experiment. In order 
to moderate the reaotion we dissolved 20'4 grams of pure antimony 
pentaohlondo in about the same volume of chloroform, and added 
drop by drop to the cooled solution the calculated amount, I'l gram, 
of water, shaking constantly. The formation of the new body was 
soon apparent by the separation of almost colourless crystals; the 
yellow colour of the chloruform, caused by the antimony pentachloride 
(which according to our experience is never colourless, but always a 
^ght yellow liquid), gradually disappeared, and at the end of the 
reaotion the oiystals which had separated were covered by colourless 
liquid. Under these changed conditions there was again no trace of 
hydroohlono acid set free. We next heated our product nearly to the 
boilii^ point of chloroform, adding sufficient dry chloroform to dis¬ 
solve the crystals which had separated. From this solution a com¬ 
pound was deposited in feathery crystals. After decanting the mother- 
liquor, these were washed with a small quantity of chloroform, and 
placed to dry in a vacuum desiccator on a porous plate that had been 
previously heated. This body is so extraordinarily hygrosoopio that 
the analyses were not very easy; hovraver, the results leave no doubt 
that SbC]|H,|0 is the formula:— 


1. 0‘2719 gram snbstance gave 0 6074 AgCl. 
8. 0-1467 „ 0-8270 AgCl. 

8. 0-1467 „ „ 0-8290 AgOl. 

4. 0-3008 „ „ 0-1461 

8.0-8104 „ ,. 0-1498 Sb,04. 

6. 0-8080 „ 0-1061 SbgS,. 

7.1-1387 „ „ 0-0961H,01 

e. 1-8906 „ „ O-llSOH/)/ 


Gombnation with 
lead duomate. 




8S8 Mewn. R. AoBoh&ts and P. N. Erena. [Jonchid, 

Oiloiilated Found. 


SbCl«H,0. 1. a 8. 4. 6. 6, 7 8? 

Cl... 65-90 55-26 5552 6548 — — — _ _ 

Sb.. 88 42 — — — 38-53 38-08 87 69 — — 

H... 0-63 ______ 0-93 0-94 

0... 6-04 


99 99 


We provisionally designate this body as antimony pentaohloride 
monohydrate, vrithoat expressing any opinion oonoeming the oon* 
stitntion of this addition product of equal molecules of water and 
antimony pentoohlonde. From chloroform, the tnonohydrate crys¬ 
tallises in leafy or feathery crystals resembling sal-ammoniac, having 
a molting point lying between 87” and 02”. If exposed to the air it 
deliquesces to a clear liquid, which over sulphuric acid gradually 
crystallises again in broad needles, described by Daubrawa as a 
property of his supposed oxychloride. We have not further aTami n f i d 
this body. 

When one tries to distil the antimony pontachloride monohydraie 
under diminished pressure—under 20 mm. with the bath at 105”—a 
mobile yellow liquid distils over; this, after two reotifications, boiled 
constantly at 73” under 17 mm. (bath 90”) Two chlorine detenmna- 
tions gave, as was expected, results for antimony pentachloride. 


1. 0 2610 gram substance gave 0-6965 AgCl. 

2. 0-2879 „ „ 0-6885 AgCl. 


calculated for 
BbOl,. 

Cl .... 69-24 .. 


Found. 



i. 11 

58-80 69-15 


There separated from a fraotbn boiling somewhat higher crystals 
of antimony tnohloride, leaving a residue of a waxy consistency 
which oould not be distilled. 


22-7 grams SbCl|H,0 gave 12 8 grams SbCl|. 

>t >1 1-1 grams BbCl«. 

„ n 0 4 grams residue. 

„ 2-4 loss. 

Although after this experience it was not probable that we oonld 
obtain antimony oxychloride, HbOCI^ by heating antimony peuta* 
ohlonde monohydrate, we repeated the experiment in another fdna. 
We heated 24-4 grams of antimony pentaoliloride, mixed with about 
twice its Tolnme of ohloroform and 1-4 gram water, in a closed tab# 
tQ 100* on a water-bath. The crystals of the monohydrate wUeh 
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w«ie fint ftnned went into eolation, and on opening tbe tabe before 
a lamp at tbe end of eix honre wa found mnoh preaanm; a gaa 
emelling like phosgene was liberated. The tnbe was again closed 
and heated afresh to 100*. The opening and closing was repeated, 
first, at intervals of six honrs, and later, as the prassnre diminished, 
of tmlve hoars, antil after aboat fonrtoen days the pressare was no 
longer noticeable. 

On working np the prodacts of the reaction we found, besides 
antimony tri- and penta-ohlorides, phosgene in solution in the 
chloroform, from which we prepared diphenyl carbamide, m. p. 289*. 
For the formation of phosgene gas it is not necessary to woi^ in 
closed tabes. A chloroform solution of the monohydrate, heated to 
its boiling point on a water-bath, yields a steady stream of phosgene 
mixed with hydroohlorio acid. A similar decomposition takes place 
when carbon tetraohloride is heated with antimony pentaohloride 
monohydrate in a closed tube to 100*. We will communicate the 
qnantitatire relations of this reaction after we have verified oar first 
obeervationa by repeated research. , 

One can make the tetrahydrate of antimony pentaohloride even 
more easily than the monohydrate. For this purpose wo dissolved 
29*3 grams of antimony pentaohloride in aboat twice its volome of 
chloroform, and after sarronnding the flask oontaining this solution 
with ioe, let fall drop by drop 7 grams, the oaloalated quantity, of 
water. Again, in this experiment, no hydroohlorio acid was given 
off. The mixture remained at first liquid, but when placed in a 
vacuum desiccator over sulphuric add and parafiSn, there separated 
slowly a hard ciystslline mass, which was quite insoluble in chloro¬ 
form. Two chlorine determinations made after washing the sub- 
stance with chloroform agree with the formula SbClfHgO^. 

1. O'.WfiS gram substance gave 07696 AgCl. 

2. 0-3414 „ „ 0-6630 AgOl. 

Found. 

Oslonlstedfor , -»-, 

SbOUH*0,. 4. II. 

Cl.... 47-77 . 48-04 47-81 

Thus besides the monohydrate of antimony pentaohloride a tetra- 
Ijdrate also exists, the latter being easily prepared from a ohlorofonu 
•dntton of the former by the action of water, and difibring from the 
samwhydrate among other things in being insoluble in chloroform. 

From the foregoing evidence it appears that antimony oxyohloride, 
8bOC]|, is certainly not formed by the action of water on antimony 
pentaoM o ride; but if equal moleonles of thsee subsianoea are allowed 
to react, the oompouud SbCI,H|0 ie formed, which we have odkd 
anMinony pentee hlc ride mondiydrate. This product is most ooifc- 

TOL. XLIl. 2 r 
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TMiientlj formed when weter aota on ohlorotorm aolntionot antimonj 
pentnohloride, without setting free hjdroohbrio add, according to the 
equation— 

SbClj + H,0 = SbOljHjO. 

When one hringe together weights equivalent to 1 mol. of antimonj 
pentachloride and 4 mols. of water, the tetrahydrate of antimony 
pentaohloride is formed, aa described by R. Weber. We must put 
aside Daubrawa’s contradiction of the facts of B. Weber, and strike 
Danbmwa’s hypothetical antimony oxychloride, SbOCls, from the 
list of the known antimony compounds. 

The Seaeiion of Atdimony Peniaehloride and Oxalie Acid. 

As has already* been remarked, our research on the chlorides of 
antimony sprung originally from the wish to find out if the reaction 
of anhydrous oxalic acid and antunony pentaohloride was analogous 
to that of phosphorus pentaohloride, forming an antimony oxychloride, 
<8bOGlt, corresponding to the oxychloride of phosphorua The know¬ 
ledge of the action of water on antimony pentaohloride, forming 
mono* and tetra-hydrates, increased the interest in the attempt to 
discover the action of oxalic acid on the same body. 

On mixing equal molecular weights of pure anhydrous oxalic acid 
and antimony pentaohloride, a violent development of hydrochloric 
acid takes plaos, the mixture forming a nearly sohd white mass. 
The generation of hydroohlorio acid soon ceases. On heating to 
about 160° decomposition begins again, carbonic dioxide and hydro¬ 
ohlorio acid being given off, the mass becoming gradually liquid. 
This clearly showed that the reaction ran in two stages. In tiie case 
of the monohydrate we had obtained our object so quickly by the use 
of chloroform, that we did not pursue the direct action of antimony 
pentadiloride on oxalic acid further, but substituted a cooled solu. 
tion of 36'5 grams of antimony pentaohloride in 83'S grams of chloro¬ 
form, with 10*6 grams of anhydrous oxalic acid. The reaction 
commenced in the cold; at first hydrochloric acid mixed with a small 
quantity of carbon dioxide was given off, but soon only hydroohlorio 
acid; gradually a considerable amount of a white orystalline body 
fell out of solution. After the development of hydrochloric acid had 
ceased, we heated the product of the reaction, dissolving the greater 
part of the crystals. We filtered hot, and beautiful transparent 
'colouriesa crystals separated from the filtrate, which we had placed 
in a desiccator over sulphuric aoid and parafSn. The residue, in¬ 
soluble in tile hot chloroform solution, weighed 4'9 grams, and 
consisted chiefly of unaltered oxalic acid. The quantity of hydro- 


• * Ohem. See. Joiartu,' voL 49, p. 708. 
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4hkano Mid oollAoted wm 4'7 grams, while 8*5 grama shoold have 
been found had the reaction taken place according to the equation— 

(COOH), + SbCl, r= SbCljO + COj + 00 + 2H01. 

This reaction was, however, impoasihle, owing to the small quantify 
of carbon dioxide given off. The quantify of hydrochloric acid found 
indicated that two moloonlea of antimony pentaohloride had reacted 
with one of oxalic add. The tabular crystals from the chloroform 
solution melted at from 148*5* to 149°, decomposing at a somewhat 
highen temperature. The values found fy analysis corresponded to 
the formula SbjGIgO]0|. 

1. 0*4860 gram ittbttaoce gave 0 2687 Sb^S,. 


8. 0-8647 

II « 

01481Sb,S,. 



8. 0*1444 

II II 

0*2870 AgOl. 



4. 0*2861 

11 II 

0*4174 AgCl. 



8. 0*8117 

■1 II 

OlOSOO^O^Os-t-HA 



«. 0*8688 

II II 

00689CACa4-H,0 



7. 0*8966 

II •• 

0*0416 CO, md 0*0160 HjO 

_ Combiution with 

& 0 8777 

1. 

0*1168 00, and 0*0168 H,0 

lead ohromate. 

CUoulstod 

for 


7onnd. 



z 

a. 8. 4. 



Sb,Cl*OA* 

Sb.. 39*61 

38*93 

38*62 — — — 

— — 

— 

01.,, 46*10 

— 

— 46*74 46*64 — 

— — 


0... 389 

— 

_ _ _ _ 

— 3*83 

8-61 

OgOg 14*28 

— 

_ _ _ 14-47 14*07 — 

-> 

H... 0*0 

— 

— _ — _ 

— 0*59 

0*20 


The compound, SbjCIgOjO^, is formed Mcording to the equation— 
(COOH), + 2SbCl, = OASbgClg + 2HC1. 

Proceeding exactly as doeoribed above, but taking one molecule of 
* 0 X 8110 acid to two of antimony pentaobloride, i.e , twioe the quantify, 
almoit the entire product is soluble in chloroform. 

37*2 grams SbClg dissolved in 55 grams CHClg and 
5*5 grams (COOH), gave 
4*3 grama of HOI, the oalonlated quantify being 
4*8 grams. 

It is necessary to have a good retnm-flow condenser in order to 
avoid a considerable quantify of chloroform distilling into the 
wdghed water, used for oolleoting the hydroohlorio Mid. On miving 
fibgOIgOgOg with warm water, it it decomposed, setting oxalic Mid 
free. This may be easily determined after removing the antimony 
tram the acid solution. The following oonstitutional formula seems 

2 r 2 
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mett ninplj to explain tbe formation and deoomponbon of thia new 
oomponnd — 

COOSbCl, 

^ toOSbOU ’ 

oxalic acid m which the hydrogen atoms are replaced by tbe nniTalent 
radical Sb'Ol^ Considering the fact that the compound does not 
nnite with a second moleciile of oxalic acid, the fmmnla— 

COO^ 

does not seem at all probable According to formula I one can 
compare the oomponnd with diammoninm oxalate, and designate it as 
ditetrachlorstibonium oxalate, or as we prefer, look on it as the 
mixed anhydride of oxalic aoid and the yet unknown acid, SbCl^OH 
As a result of these simple experiments we can understand the 
entirely different behaTiour of antimony and phosphorus penta- 
ohlondes towards the carbon compounds containing oxygen and 
hydrogen Antimony pentaohlonde unites, as we hare proved, with 
water Fhosphoms pentachlonde decomposes water Antimony 
pentaohlonde has no inohnation to change chlorine for oxygen Phoa* 
phoms has this inclination lu an extraordinary degree Fbosphoma 
pentachlonde attacks hydroxyl or ketone groups, replacing oxygen 
respectively one or two atoms of cblonne, being itself converted 
into oxychlonde Antimony pentaohlonde, on the other hand, reacts 
on the hydrocarbon residae, substituting obloiine for hydrogen, and 
itself becoming antimony tnohlonde 

Fhosphoms pentaohlonde acts similarly to antimony pentaohlonde, 
snbstitating ohlonne for hydrogen m those organic oomponnds which 
contain no oxygen, or oxygen in such firm combination with carbon 
as not to be available for the formation of phosphorns oxychlonde 
Antimony pentaohlonde may react as phosphorus pentaohlonde on 
oomponnds similar to oxalic acid, containing no hydrogen attached 
to carbon which can be replaced by cblonne The oomponnd 
(COOSbCl^i IS of especial theoretioal interest, as showing the 
process of the reaction of phosphorus pentaohlonde on substances 
oontaining the hydroxyl group The first stage of the reaction oon> 
sists, evidently, of the formation of compounds analogous in com* 
position to the body (GOOSbOl^)! 

If, however, the oxygen of a hydroxyl group is hdd in loose com- 
binaboD, the formation of phosphorus oxychlonde and the substetn* 
turn of ohlonne take place sunnltaneonaly What, however, itiU 
happen when the substitution of o^gen u difficult, as in phenol or 
the aromatio oxyaods P Attempts to answer this question are now 
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in progreM in the laboratorj' of the Ghemionl Inatitote of the 
UniTernty of Bonn, and wo anticipate that the reanlt will be the 
|>reparation of bodiee hanng the general formnia B OPOI4 


XIL “ Note on the Eleotrodepoaition of AII 07 B and on the 
Electromotive Poroee of Motale m Cyanide Solutions ” By 
SiLVANUS P Thompson, DSc, BA Communicated by 

Profeaaor G Cvrfy Foster FRS Received May 12, 

1887 

It IB known that the eleotrodeposition of Buch alloyB aa brasB, 
tRonie, and Gorman Bilver is not practicable from mixed BoIntionB of 
ihe sulphates or chlorides of the oonshtnent metals, bat can be 
acoomphshed by oBing oyamde Bolntions or neutral solntions con* 
taoung oyamde of potassmm m excess, thereby apparently departing 
from the law of Benehna that oat of a aolation of mixed metala the 
least eleotropositive metal is deposited first 

To ascertain the cause of these facta the author has mvestigated— 
(a) The electromotive forces of a number of metals m aqueous 
solutions of oyamde of potassium 

(b ) The dependence of these electromotive forces, in particular those 
«f oopper aud amo, upon the degree of concentration of the solution 
(c ) The variation of the electromotive forces of oopper and sino m 
■a standard solution of cyanide of potassmm at varying temperatures 
i(d) The eleotiomotive forces of smo and oopper m a “ brassing** 
sdution oonsistmg of the mixed oyanides of fine and oopper, having 
ezoess of C 3 ramde of potassium present, and their variation at different 
temperatures 

It is found that the efibot of higher concentration of the cyanide 
solnhons is mvanably to increase the electromotive force of oopper 
more than it mcreases that of stno 

In a cold dilute solution of oyamde of potassium the eleotromobve 
foroe of smo against carbon is 1158 volt, while that of oopper against 
«arbon is 0 948 volt, or sine is 0 210 volt higher than oopper In a 
boiling saturated solution of oyamde of potaasiuni, the eleotromottve 
loros of Bino against carbon is 0 768 volt, and that of oopper 
agamst carbon is 1 300 volt, or oopper is 0582 volt higher than 

It IS therefore possible to oonstmot a voltaio battery containing one 
mtal only, namely oopper, and one electrolyte only, nunely an aqueons 
solution ^ (Tamde of potassium, kept hot at the anode and cold at 
tbsoathodcroftheeell 

In iqranide solutions oontaming about the following number of 
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gruu of cijanide to the litre, the following were the eleotromotiTe' 
foroea oheerved with a carbon cathode — 


Solution oimtaiBing per litre 

09 4 gmni | 101 4 gnunt | 1 18 grsmf 

Zroe 1 S20 

Copper 1 426 

Bnue 1 400 

Oennan ulver 1 OS 

Gkild 0 886 

Silver 0 846 

Lead 0 64 

Iron 0 47 

Steel 0 44 

Pletuiiun 0 27 i 

Carbon 0 

Metale at 18*0 
Copper 1 484 

Zn 0 .. 1 401 

Bnuf 1 816 

Oennan nlver 0 98b 
Cold 0 884 

Silver 0 810 

Lead 0 600 

Iron 0 181 

Steel 0 161 

Platinum 0 017 

Carbon 0 

Zino 1 18 

Biau 0 68 

German nlver 0 60 

Lead 0 44 

Copper 0 80 

SUver 0 80 

Cold 0 84 

Steel 0 80 

lion 0 80 

Platannm 0 14 

Carbon 0 


Several of the metale exhibit maximum electromotive force at an 
intermediate oonoentration 

The following figures were obtamed for zino and copper insolntums- 
of i^anide of varying strengths at 17* 0 — 


Gmins per btre 

B M F nno 

BMF copper 

DiifeMnoe Z—C 

9 9 

1 168 

0 048 

+0 210 

6 9 

1 167 

0 067 

+0 200 

11 2 

1 184 

1 018 

vO 166 

28 8 

1 221 

1 068 

-i-O 168 

47 7 

1 SW 

1 180 

-t-O 180 

06 6 

1 803 

1 220 

+ 0 060 

191 1 

1 866 

1 860 

-0 006 


In a mixed eolation of oyamdes of mno and copper there is n 
nentzal oondition where the electromotive fbrcee of smo and copper 
axe equal, and thu neutral condition vanee with the relative amounta 
of metal present, with the oonoentration of the solution, and with the 
temperature The neutral temperature for a solution of given ooiu 
eentration is lowered by adding cyanide of potassium, and is raised 
by adding ammonia The neutral point, however, is not wdl 
d^ned, the behaviour of copper being very nnoertain, m general 
the electromotive force of clean copper m a cyanide solution nsea ta 
some oases as mndh as 0 06 volt, m a few seconds afteif mimorsioa, 
bnt IS rapuDy though temporarily lowered on agitation 





ms?*] ITu Fruetifiea^ of tke Carioni/orotu Calamitet. 889 

Siiioa the degree of concentietion of the eolntioii greatly affeote the 
daotromotiTe force of the metal, and since in the act of deposition of 
a metal from its solution the concentration of the liquid around the 
cathode is reduced, owing to slowness of diffusion, it follows that in 
eleotrodeposition the counter eleotromotiTe force at the cathode will 
vary with the rate at which metal is being deposited, and will, 
the^ore, TSiy with the ourrent-density employed. And since, mor^ 
over, the variatums in eleotromotire force due to differences of oon- 
oentration are greater for copper than for sine, it follows that in the 
deposition of brass from a mixed solution of cyanides of a medium 
concentration in which sine is slightly more electropositive than 
copper, there will be a certain density of current with which the 
metals will be deposited in nearly equal quantities, whilst for weaker 
onrrent^nsities the less electropositive metal will bo deposited in 
excess, and for stronger current-densities the more olectropositive 
metal will be deposited in excess. 

Hence to variations in the concentration of the oloctrolyte near the 
cathode are due the departures, observed with all currents except 
weak ones, from the law that out of a solution of mixed metals the 
least electropositive is deposited Brat. 


Xm. “On the true Fructification of the Carboniferous Calar 
mites.” By William Crawfobd Williamson, LL.D., F.R.S., 
Professor of Botany in the Owens College and the Victoria 
University. Received May 17, 1887. 

(Abstract.) 

The true aystematio position of the Carboniferous Calamites has 
long been a debatoable subject, owing to tho lack of satisfactory 
evidence respecting the character of their fructification. Some jrears 
ago, Mr. Carmthers and the late Hr. Binney expressed their ooa- 
vietion ttiat CaUmotiaehys Binneyana stood in that relationship to 
Oalamites, a conclusion which the author was unable to accept; but 
in 1869 he obtwned a fragment of a n ' Cryptogamic fruit, of whidi 
he published an account in the * Memoirs of the Literary and Philo¬ 
sophical Society of Manchester.’ The central axis of this SirobQns 
presented so many details of structure hitherto seen only in Calamites 
as convinced the author that it was the true fructification of these 
plants. 

Many years elapaed before a second example of this interesting 
fruit was discovered, but seven or eight specimens of it recently 
found in a nodule from near Oldham, have come into the antiior’s 
poiseseion; these examples axe in a syf^ciently excellent state of 
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prwervation to onablo him to illiutnte almost eveiy detail of their 
struotnre. They not only support his previous oondusions, but 
they supply irresistible evidence that those oonolusiona are oorreot 
ones. Fortunately, at least three of the Strobili have attached to 
them the ends of the twigs which supported them; these peduncles 
an indisputably Galamites of the ty^ to which Gdppert assigned 
the gpenerio name of Arthropitua, which genus several of the French 
Paleontologists have long insisted upon classing with the Gymno* 
spermous plants. 

The fruit is beyond question that of a true spore-bearing Crypto¬ 
gam; a fact which determines the Equisetiform afSnities of the 
entire Galamitean group; since if any members of that group might 
possibly have been regarded as Gymnosperms, it certainly was those 
of the Arthropitean type. But of all such pouibiUtiei &ere is now 
an end. 


XIY. ** On Fossil Remains of Echidna Bcantayx (Ow.). Part II.” 
By Sir Kiohabo Oyms, K.C.B., F.B.S., &o. Reoeived May 
20,1887. 

(Abstract.) 

Since the transmission of the evidence of the large extinct species 
of Sehidna, the subject of the paper (‘ Phil. Trans.,' 1884, p. 273, Plate 
14), the discoverer of the specimen, Ed. P. Ramsay, Esq., F.L.S., has 
prosecuted his researches in the " Wellington bone and breccia oaves, 
New South Wales,” and has added to the mutilated subject of that 
paper an entire humerus, a large portion of the skull, the atlas 
vertebra, a tibia, and fragmentary evidences of otiier parts of the 
same skeleton—adding to the knowledge of a former existence in 
Australia of Echidna Banuayi. 

The edentulous condition, proportions, and conformation of the 
jaws, together with other characteristic modifications of this mono- 
brematous genus, are repeated on the same magnified scale as in 
the mntilat^ arm-bone previously described and figured. 

The predatory subject of the paper on Thylaeoleo earmfeu (‘ Phil. 
Tnms.,’ 1887) was discovered in the same cave, and exemplifies the 
leonine marsupial which contributed to the extinction of the larger 
phytophagous and mouotrematous Mammals of the Australian Goa- 
tinent. 
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XV. “ Degcription of a Newly-exoluded Young of the Omitho- 
’ rhynehut paradomu." By Sir Riohabd Owen, K.C.B., F.E.S., 
& 0 . Received May 20,1887. 

(Abetraot.) 

Of this interesting and long-hoped-for discovery the author waa 
informed by hU friend and correspondent, the Baron von Moeller, 
F.B.S., of the Botanical Gardens, Melbourne, and shortly received 
the speoimen from the Baron: also, further details from Mr. Le Souef, 
of the Zoological and Acclimatisation Society's Office, Melbourne; 
and from the Bev. Pastor Hagenauer, Superintendent of the Mis- 
sionaiy Station in Oipps-Land, S.E Victoria, to whose influence 
with the natives science is indebted for the acquisition, as I am to 
Baron von Mueller for the reception, of the embryo well preserved in 
aloohol. The specimen is nude, an inch in length, the nostrils well 
opened, and between them the fleshy conical support of the homy 
sheath, which has been shed and by which the ohonon had been tom 
open at birth. The month is a transverse slit, not produced as a 
beak, bounded by flexible lips, and sufficiently open to receive nutri¬ 
ment afforded by the group of pores excluding the secretion of the 
mammaiy gland of the pouch. The fore limbs, chiefly represented by 
the paws and pentadactyle, with claws sufficiently developed for 
adhering to the part of the pouch on which the excretory pores open. 
The hind limbs are less developed, have the five digits feebly indicated 
and clawlesB. A short oonical-pointed tail projects between them. 
The ebngate, flattened, natatory tail of the adult is a later develop- 
meni There is no trace of navel. The skin of the trunk is 
nniformly smooth and nude. 

If this embryo should be a male, the spur of the femoral gland is 
a defensive organ of later growth. 

The author refrains from dissection in hopes of receiving another 
specimen; and, after a detailed description of the external oharaotevs 
(ff the unique specimen, refers to his paper '* On the Uterine Oviun 
of the OrnUhorhynchut ” in the volume of the ‘ Philosophical Trans- 
actions ’ for 1884, and on the ” Mammary Olanda " in the volume 
lor 1832. 



Dt> a. B. Ghxffithjit Oh 




m 


XVL “ On the Nephridia and < Liver ’ of PaUUa vulgata.’' By A. 
B. Griffiths, PLD., P.RS. (Edin.), F.C.S. (Lond. and 
Paris), Principal and Leotnrer on Chemistry and Biology^ 
School of Science, Lincoln. Conunnnioated by Sir Biohabd 
OWBN, K.O.B., F.RS. Received May 20,1887. 

Patella vulgata (Limpet), ^th its oonioal shell adhering to the rooks 
of oar coasts, is well known to every sea^side wanderer. This member 
of the Gasteropoda has been the snbject of many sdentiflo memoirs 
in ancient and modem times. Amongst naturalists, Aristotle was the 
earliest who gave on account of some of the limpet's habits, and 
Cuvier was the first to describe its anatomy. In this paper the author 
intends to describe the chemical properties of the secretions of two 
problematical organs of this interesting little Oasteropod. 

The author has already proved the ren^ function of the green 
glands of Aetacue Jhmatilu (‘ Boy. Boo. Proo.', vol. 88, p. 187); also, 
in conjunction with Mr. Harold Follows, F.G.8., the renal fhnoticin 
of the organs of Bojanus in Anodon (* Chemical News,’ voL 51,1885, 
p. 241; * Chem. Soo. Joum.,’ vol. 48,1885 [Abatr.], p. 921). Sinoe 
the publication of those papers. Dr. C. A. MaoMunn ('Joum. of 
Physiol.,’ vol. 7 [No. 2], p. 128) has extracted uric acid from the 
Malpighian tubules of iitseots and from the nephridia of the Pnlmo- 
nate Molluaoa. 


I. Ifephridia of Patella vulgata. 

The nephridia of Patella vulgata consist of two porta, left and 
right lobes. The left nephridium ia very small in comparison to the 
right nephridium. The anatomy and histology of these organs have 
been fhlly described by Prof. Lankester, F.B.S. (' Ann. Mag. Nat. 
Hist,’ vols. 20,1867, and 7,1881X J- T. Cunningham (‘ Quart. Joum. 
Mioroac. Sci.,’ vol. 22, p. 869), and Harvey Gibson (' Bdrnb., Boy. 
Soo. Trans.,’ vol. 82, pp. 617—620). 

After dissecting the nephridia from the bodies of a large number of 
fkreah limpets, the secretions of the left nephridia were examined 
aeparately from those of the right nephridia. 

Botii secretions were examined ohemically by two separate methods 
as follows:— 

(a.) The dear liquid from the nephridia was treated with a hot 
dilate solution of sodium hydnde. 

On the addition of hydrochlorio acid a slight flaky precipitate is 
obtained after standing for some time. These flakes when 
examined microaoopioaUy are seen to consist of small rhombio 
plates and other forms. On tireating the secretion alone with 
alcohol, rhombio crystals are deposited which are soluble in water. 
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Wben theee oiyaiala are treated with nitrio acid and then gentlj 
heated with ammonia, xeddiah-pnrple mnrexide [OgH 4 (lTH 4 }N|Oa] ia 
dMained which orystalliaes in priame. 

((.) Another method wae used fur testiiig the secretion of the 
nephridiaof Patella. 

The eeoretion was boiled in distilled water, and evaporated care* 
folly to dryness. The residue so obtained was treated with 
absolnte alcohol and filtered. Boiling water was poored npon 
the residne, and to the aqneons filtrate an excess of pure acwtio 
acid added. After standing about seven hoars, crystals of 
nrio acid (CiH^N^Oj) were deposited, and easily recognised by 
the ohemioo-mioroscopical tests mentioned above. 

The secretions both of the left emd right nephridia yield nrio ooid. 
It has been suggested by Mr. B.*J. Harvey Gibson, M.A., F B.S.B. 
(in his masterly memoir on the “ Anatomy and Physiology of Patella- 
vulgata-," ‘ Edinb, Boy. Soo. Trans.,* vol. 32, pp. 601—^),that the 
secretions of the two nephridia may be chemically distmcL The 
author oonld not extract or detect (^ter a most searchmg investiga* 
tion) the presence of any other ingredient besides nrio acid in either 
secretion. 

From this investigation, the isolation of nrio acid proves the renal 
fnnotion of the neiihridia of Patella vulgata. 

n. The “ Iritw ” of Patella vnlgata. 

In a p^>er on the Cephalopod “liver" (‘Edinb., Boy. Soa Proo.,’’ 
toL 13, pp. 120—122), the author proved from a chemical and micro- 
soopioal study of its secretion that it possesses the fnnotion of a tm» 
pSDoreas or digestive organ. 

Since the publication of the above paper, the anthor has investi¬ 
gated the nature of the secretions of various doubtful organs of the 
Invertebrata.* 

The “ liver ” of Patella is a yellowish saconlar gland, and the greatest 
hulk of this organ ia encircled by the superfidal coil of the intestine. 

(a.) The seoretkm of the gland acts npon starch-paste, converting- 
the starch into gluoose-sugar, as proved by the nse of Fehling’a 
Bolntion. 

(h.) The secretion produces an emulsion with oils and fata, yielding 
subsequently &tty acids and glycerol. 

(e.) When a few drops of the secretion of the gland are examined 

* Sea Br. CMfiths* pspar, “ B asaar eh ea on tiia Froblamstioal Organs of the 
Inrarta b rata, atpaoiaUy thoaa of tha Oaphalopoda, Oastaropoda, LamdlibiBaeliiata^ 
Cnutaaaa, Insa^ and Oligoohata."—Baad befora tha Boyal Sooiaty of Xdln- 


hslrCh, May 16^1887. 
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with ohemioal reefi^ta nnder the mioroaoope, the foDowitig 
reaotions were obeerred:—On mnning in between the elide and 
oover-elip a solution of iodine in potaasinm iodide, a brown 
deposit was obtainod. On mnning in oonoentrated nitrio add 
on another slide containing a drop or two of the secretion, a 
yellow coloration was formed, dne to the formation of zantho* 
protoio acid. These two reactions show the presence of alba* 
min in the secretion of the organ in question. 

(d.) The soluble ferment secreted by the columnar cells of the 
epithelium of the gland was extracted according to the Wittioh- 
Kistiakowaky method (‘ PflUger, Archiv Physiol.,’ rol. 9, pp. 
438—459). The isolat^ ferment converts fibrin into lenoin 
and tyrosin. 

(e.) No glyoocholic and tanrochohc acids could be detected by the 
Pettenkofer and other tests. No glycogen was fonnd in tiie 
organ or its secretion. 

(/.) The secretion contains lencin and tyrosin. 

From these investigations the oonclnsion to be drawn is that the 
so-called **liver” of Patella milgata is similar in function to the 
pancreas of the vertebrate division of animal life 


XVTI. “ The Air of Sewers.” By Professor Carnellkt, D.So., 
and J. S. Haldanb, M.A., M.B., University College, Dundee. 
Communicated by Sir H. Bosooe, F.R.S. Beceived May 91, 
1887. 

(Abstract). 

Owing to the complaints which had been made of bad smells in 
the House of Commons a Select Committee was appointed in the 
spring of 1886 to inquire into the ventilation of the Honse. By that 
Committee the authors were instructed to make a series of anidyses 
of the air in the sewers under the Honses of Parliament, and to 
report thereon. Since then they have examined a considerable 
number of sewers in Dnndee, and have also made a number of 
laboratory experiments. The object of the research was to obtain 
a general idea of the amount of some of the more important im* 
purities in sewer air, and to throw some light on their sonroes, and 
the conditions affecting their dissemination. 

After giving a brief rStmui of the results of the analyses whidi 
had been previously made of sewer air, the authors describe the 
methods they have employed, and the nature and condition of the 
eewers tiiey have themselves examined. 

As a result of their investigation th^ found—(1.) That the air of 
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tb* ■ewem aaumined iru in a mnoh better condition than might hare 
been expected (2 ) That the oarhonic. aoid was about twioe. and the 
o^iaaio matter ratiier over three tunes as great as in ontsids air at 
the same time, whereas the number of micro oiganisms was less 
(8) That in reference to the quanMy of the throe constituents 
named the air of the eewers was in a very much better condition 
than that of naturally rentilated schools and that with the notable 
exception of orgamo matter it had hkewise the advantage of meoham- 
oally ventilated schools (of paper by the authors and Dr Anderson 
in * Phil Trans, 1887) (4 ) That the sewer air contained a much 

smaller number of micro orgaiusms than the air of any class of 
house, and that the carbonic acid was rather greater than m the air 
of houses of four rooms and upwards, bnt less than in two and one* 
roomed houses As r^ords orgwno matter hoisever the sewer air 
was only shghtly better than the air of one roomed houses, and much 
worse than that of other classes of houses (The data for all the 
cUsses of houses refer to sleeping rooms when occupied during the 
night) 

The amount of carbonic acid found by the authors was much less 
than that noted by earher observers, showmg that the sewers they 
examined were mn^ better ventilated than tboso pieviously mvesti 
gated 

On taking the average of a comparatively large number of analyses 
it was found that the quantity of organic matter in sewer au increased 
with the carbonic aud, whereas the micro organisms on the whole 
decreased with increase of the other constituents 

With regard to the sources of the several impunhee m sewer air the 
following conclusions are drawn —(1) The carhonw aetd in excess of 
outside air may be partly due to diffusion from the neighbourmg soil, 
but its chief source is probably the oxidation of the organic matter m 
the sewage and in the air of the sewer (2 ) The organic matter in 
excess of outside air is most probably wholly or for the most part 
g aseo u s, and is of course derived from the sewage itself (8 ) The 
SHcro organxeme in sewer air come entirely, or nearly so, from the 
outside, and are not derived, or only m relatively small numbers, from 
the sewer itself This is proved by the following facts -^Funt, the 
average number of miOKMirgmusms in sewer air was lees than m out- 
suleairat the same time —vis, about 9 m the former to 16 mthe latter 
Seeond, the number increased with the efiScieniT’ of the ventilation. 
Thwd, the average proportion of moulds to bacteria m sewer air was 
afanost exactly the same as m outside air at the same time, whereas 
one would expect the proportion to be very different were the outside 
air not the source from which they were derived, seemg that raoh 
a difference has been proved to exist in the air of houses, schools, Ao 
ffbarth, the naked vjn appearance of the colonies from sewer air is 
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•imilar to that of those from oidioarj air. F^th, the state of fllthi* 
sees of a sewer seems to hare no perceptible effect on the number of 
mioro>organiama. Sixth, the view that the mioro>orgfBnisni8 in 
sewer air ohieflj come from ontride, is in perfect agreement with 
what is known as to the distribntioii of hactena in air. Seoenth, 
results obtained in the laboratory with an experimental sewer prore 
that the mioro-organisms present in air are diminished to nearly 
one-half in passing along a moist tnbe 5 feet long and 1| inch in 
diameter at a rate of nearly 1 foot per second. Althongh most of 
the micro-organisms in sewer air come from ontsido, yet there was 
distinct evidence of their occasional dissemination from the sewage 
itself. This is the case when splashing occurs, owing to drains 
entering the sewer at points high np in the roof. It is, therefore, of 
great importance that drains sho^d be so arranged as to avoid 
splashing as mnch as possible. 

In view of the fact that ordinary sewer air is to all appearance 
comparatively innocent as regards its micro-organisms, experiments 
were also made to see whether it contained any poisonons volatile 
base of the nature of a ptomaine. These experiments so far as they 
went had negative results. 

Experiments as to the offioaoy of ordinary water traps in preventing 
the esoape of sewer gas into houses confirmed and extended the results 
previously obtained by Fergus. 

Though the authors do not discuss the effect of the inhalation of 
sewer air on health, yet the results of the above investigation are 
dearly sndh as to make one much more suspicious as to supposed 
evidence of the bad effects of ordinary sewer air (at lout when not 
vitiated by splashing), such as that examined by them. 


XVIIL “On the Composition of Water by Volume.” By 
AUXAMDSR Soott, M.A., D.So. Communicated by Lord 
BhTLElQH, D.CIi., See. R.S. Received May 28,1887. 

In 1805 Gsy-Luasao and Humboldt published their dassieal xe> 
nnamhrs on the oompositiou of the atmosphere, and to them we axe 
indebted for our knowledge of the proportion by volnme in whioh 
hydrogen and oxygen combine to form water. Without this know¬ 
ledge the determination of the relative densities of the two gases 
would be of no use in fixing or cheeking their atomic weights. This 
is often overlooked, and Avogadro’s law taken as absolntoly true for 
these gases at ordinary temperatures and pressures. That this eanaot 
aafrly be assumed is oonolnsively proved by the reeearofaee of Begnanl^ 
Amsgat, and others on the effects of change of temperntnie and pres¬ 
sure upon them. Not only do they not follow Boyle's law as nanally 
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widtntood, bnt their denetiom tnim it ere in opposite direotiona: 
hemoe it can only be by the mereit ohanoe that at oar ordinary 
temperatoree and preeanrefl the combining rolnmoa ehonld be exactly 
two of hydrogen to one of oxygen. Moreover, when we ooneider 
that it is more than eighty years since those researches were (tarried 
out, Uiat the instrument used in all the measnremenis was Volta’s 
eudiometer, and that the gases were collected and measured over 
water and so contained impurities to the extent of 0-4 per cent, in 
the oxygen and 0*6 to 0‘8 per cent, in the hydrogen used, a redetermi- 
naiion of this ratio with the greatly improved means for attaining 
aoouraoy now at our command seemed to be of extreme importance. 
The exact ratio as given in the memoir referred to is 199*89 volumes 
of hydrogen to 100 volumes of oxygen, and this the authors say is 
almost exactly as 2 : 1. 

To arrive at greater accara(y the author of this note has given 
especial attention to the following points:— 

(1.) The preparation of purer gasee. 

(2.) The use of larger volumes. 

(3.) The measurement of both gases in the same vessel. 

(4.) The analysis of the residue after explosion and determination 
of the imparity in each experiment. 




Dr. A. Soott. 
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These ends were more or less sstisfaotorilj stUined fy the use of 
the appsrstus employed, whioh wm entirely of glass with the exoep> 
tion of the jnnotions at H and 0. The gas generators contained only 
small Tolomes of gas, and ooold easily bo exhanated by means of the 
apparatns itself. It is evident that by filling A and B with meronry, 
completely closing all the atopcooha, and then lowering M and open* 
ing s, the air in the oxygen generator would be in great part drawn 
into A; on now closing e and raising hi this air oonld be expelled by 
opening/. By repeating this several times an almost perfect vaontim 
coaid be prodnoed. Before collecting the gas for the experiments, 
after exhanstmg the air gas was evolved and exhanstod, and this 
again repeated. The gases were moasnred saturated with ihoistnre, 
and after moasnrement were expelled into G; firom this they were 
drawn into E and exploded, and the residue measured in a small tube 
and analysed by explosion with either hydrogen or oxygen as re¬ 
quired. The results of every experiment made are given in the 
following table, from which it will be seen that in no case, even when 
the maximum value is given to it, does the ratio exceed 2 vols. of 
hydrogen to 1 vol. of oxygen, although in four cases it is exactly 
2 : 1 . 

The mean of the twenty-one experiments gives the ratio-- 

l'98fi7 :1 from Column E. 

1’9941:1 „ F. 

Excluding experiments IV and VI, in which the gases contained much 
impuritiy, we get the ratio— 

1-9897:1 from Column E. 

l-99fi9:l „ F. ♦ 

Taking experiments I, III, X7, and XYUI, in whioh the purest 
gases w«re u^, we getr— 

1-9938:1 from Column B. 

1-9964:1 „ P. 

or taking experiments 1, III, XIV, XY, XV ill, and XX we get— 

1-9938 :1 from Column B. 

1-9967: 1 „ P. 

Taking as the moat probable ratio 1'894:1, and the density of 
oxygen xetecred to hydrogen as 15-9627, we get the atomio weight of 
wygen os 16-01. 

^The oii^gen was in each of the first twenty experiments prepare d 
f .wm potassium dhlorate, and in the twenty-tot from merenrio oxide 
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prepared from (he nitrate The hydrofi;en waa m eaoh case prepared 
by eleotrolyau The water prodao^ was free &om any amd reartion, 
and no trace of (he oxides of nitrogen could be detect^ 


XIX “ On MubcIo Plasma ’ By W D HALLIBURTON, M D, 
B Sc, Assistant Professor of Physiology, (Jii;verBity College, 
London Communicated by Prof E A Sohafer, F R S 
(From the Physiological Laboratoiy, Umveisity College, 
London ) Received May 24 1887 

The facts described by Euhne relating to the properties of the 
mnsole plasma of cold-blooded animals are true m great measure for 
that of mammals 

Admixture of muscle plasma with solutions of neutral salts prevents 
the coagulation of the latter Dilnbon of such salted muscle plasma 
brings about coagulation, this occurs most readily at 17—^° C 
Saline extracts of rigid muscle differ from salted muscle plasma in 
being acid but resemble it very closely m the a ay in whicdi myosin 
can be made to separate from it myosin in &ot undergoes a leooagu 
labon This is not a simple precipitation, it is first a jellying through 
the liquid, the clot subsequently contracts, squeesing out a colourless 
fluid or salted muscle serum This does not take place at 0" G , it 
occurs most readily at the temperatme of the body, and is hastened 
by the addition of a ferment prepared fiom muMsio in the same way 
as Schmidt’s ferment is prepared from blood The ferment is not 
identical with fibrin ferment os it does not liasten the coagulation of 
salted blood plasma, nor does the tibrin ferment hasten the ooagula 
(ion of muscle plasma The reco^pilatioa of myosin is also acoom. 
panied by the formation of lactic acid 

The proteids of muscle plasma are— 

1 Paramyosinogen which is coagulated by heat at 47* 0 

2 Mvosinogon • which is coagulated at 56' C 

3 Myoglobulm, which differs chiefly from serum globulin in its 
coagulation temperature (63° C ) 

4 Albumin, which is apparently identical with serum albumin m, 
coagulating at 73' C 

Myo albumose, this has the properties of deutero albnmose, and 
is identical with, or closely connected to the myosin ferment 

The first two proteids in the above list go to form the clot of 
myosin, paramyosinogen is, however, not essential for coagulation, 
the three last remain in the muscle scrum 

* It M on the protenee of thii proteid that the power of flroeh muiele jmoe to 
batten the ooagnlatiun of blood phttma dependa 
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Puunjomogen, mjomnogen, &nd mjoglobalm are proteida of the 
glohnlin olaas Thej are all oompletelj precipitated bj Bataratum 
‘With magneeinm sulphate, or sodium ohlonde, or bj dialysmg out the 
salts from their solutions They can be separated by fttustional heat 
«flagnlation, or by fractional saturation with neutral salts 

When muscle turns acid, as it does during ngor mortu, the pepnn 
which it contains is enabled to act, and at a suitable temperature 
(35—40° C ) albumoses and peptones are formed by a process of self, 
^gestion It IS possible that the passing off of t tgor mortu, which u 
apparently due to the reconversion of myosin into myosinogen, may 
be the first stage in the self digestion of muscle 


XX “Dispei Sion Equivalents Parti” By J H GLADSTONE, 
Ph D , F R S Received May 24, 1887 

The idea of refraction equivalents has become familiar to those who 
work on the borderland of optica and chemistiy, and the value of that 
property as a means of investigating the chemical structure of com* 
pounds IS becoming more and more recognised There is a similar 
property, perhaps equally valuable for the same object, which has 
attracted little attention hitherto, I allude to the equivalent of 
dispersion During the last twelve months, however, I have oollated 
old measurements of the length of the spectrum, whether made by 
myself or by others, and have added many new determinations, and I 
am now m a position to submit some of the losnlts to the Society 

The history of the subject goes back to the first papei of Mr Dale 
and myself upon the refraction of light,* in which we gave as one of 
the oonclnsions “ the length of the spectrum varies as the temperature 
moreases ” In our second paperf wo camo to the conclusion that 
“there is no simple lolation holdmg good for different hqnids between 
the increase of volume and the decrease of dispersion by heat,’’ con- 
traiy to what we found to be the case with nfiaction We adopted 
" I the diffeience between the refractive indices for the 
solar lines A and U as the measure of dispeision Ihis divided by 
the density gave the specific dispersion When, however, Landolt 
adopted the plan of calculating the "refraction equivalent,’’ we 
applied the same method to what we termed the dispersion eqmvalent, 
that IB, “the difference between and or more simply 

* ‘ On the Influence of Temperature on the Bofiaotion of Light ’’ ‘ Phil 
Trans,' ISfiS p 8 

t ' On the Refraction, Diipomon snd Sinntnoncai of Liquidi ’’ ' Phd Trans 

1868, p 828 
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where d equiJs the density of the anhetenoe and P it» 
d 

aiomio weight 

In two oornmnnioationa made to the British Association,* we- 
stated that the dispersion equivalent of any sahstanoe is little affected 
by the manner in which it is oombmed with other bodies, and wo 
gave as the mean valne of CH, 0 85 in the vmio group, but higher 
figures in the benaene and pyndine groups, phosphorus equal to 2 9; 
ehlonne 0 5, bromine 1 3, and iodine 2 6 In my snbeeqnent paper 
m the ‘ Philosophical Transaotiona,’t in which the refraction eqni v^enta 
of forty-siz elements were woiked ont, I remarked, “ the question of 
dispersion equivalents is also of interest, the data foi the mvestigation 
of the matter are given in the Appendix ” But there the matter 
rested The paramount mterest of the refraction equivalents m 
truth caused both the Continental observers and myself to neglect the 
question of dispersion, and with the exception of bnef references Uy 
it in papers on Refraction,{ nothing was pnblishod on the subject till 
last summer, when I appbed the measurement of dupersion to the 
elucidation of the chemical structure of the essential oils,§ and 
afterwards in a papei at Geneva|| I ventured to give approximate 
values for fifteen elements 

Almost simultaneously with these appeared a paper by Bruhl,^ in 
which he endeavoured to eliminate the influence of dispersion from 
the refraction equivalents of highly refractive bodies In this be¬ 
seems to establish the fact that for such bodies at least, the theoretical 
a*—1 

formula of Lorens, uniform results than the 

empinoal formula , but he draws as one of his oonolnsianB, 

*' the dupersion exercised by different bodies stands m no relation 
which u as yet clearly recognisable and measurable either with the- 
refraction exerted by them, or with the chemical nature of the snb- 
stanoes ” In thu and a following paper** he gives additional proof 
of the worthlessness of Cauchy’s dispersion formula, or any of the 
suggested modifications of it, to eliminate the mfluonoe of dis¬ 
persion 

It will be seen that Bruhl’s conclusion u inconsistent with the 
views I have recently expressed, and the determinations I had aheady 
• ‘ Bnt Amoo Bep,' 1808 (Tnuu Sec, pp 10 and 87 ) 
t " On the Beftaobon hquivslenU of the ElemenU ’ ' Phil Ttans ,* 1869, p 87. 
t ‘Phil Mag’ Tol 11, 1881 p N <Bnt Anoo Sep,’ 1881 (Tram Bee,, 
p 881) ' Ohem Boo Joum,’ vol 48 1884 p 868 

{ ‘ Chrm Soo Joom ’ vol 60 1888, p 609 
|| ’ Ardiivet Sen Phyi Nat ,’ vol 18 1888, p 198 
Y < Liebig lAnnalen* vol 886,1888 p 1 
•• ‘ Liebig I Annalen,’ vol 838,1888, p 888 
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published, but while I am free to oonfeas that there are manj difB 
onlties in the investigation of dispersion which have not been felt m 
deab"g with refraction, I hold that the following oonclnsionB are 
full/ warranted I 7 the data — 

let That dispersion, like refraction, is primarily a question of the 
atomic constitution of the body, the general rule being that thu 
dispersion equivalent of a compound is the sum of the dispersioo 
equivalents of its constituents 

2nd That the dispersion of a compound, like its refraction, is 
modified profound differences of constitution such as changes of 
atomicity 

3rd That the dispersion frequently reveals differences of constitu¬ 
tion at present unrecognised by chemists, and not expressed by our 
formulas 

In this paper my olgect will be to point out the uniformity that 
does exist, leaving apparent exceptions for future consideration 

Before entering upon an attempt to determine the dispersion 
oqnivalenta of the different elementary substances, it may be well to 
oonnder the difficulty which occurred at the threshold of the enquiry, 
and another which appears to have deterred Bruhl from proseoutmg 
hu enquiries in the direction of dispersion 

The original experiments of Mr Dale and myself led to the belief 
that the “ speoifao dispersion, shghtly diminishes with in- 

orease of temperature ", but more accurate experiments made on the 
aame specimens of bisulphide of carbon, bensene, brombensene, and 
mint terpene, at the temperature of the observing room m the height 
-of summer and depth of wmter, have made me less confident of this 
•oonolusion The variations are oeriainly within the limits of expen- 
mental error The observations of Wullner both upon bisulphide of 
carbon and water, those of BaiUe and v d Willigeu upon water, as 
well as those of Fisati and Patem 6 on bensene and cymene, show 
that there is little, if any, appreciable difference in the specific dis¬ 
persion at different temperatures The general tendency of the 
-observations on the seventy subetanoes which have been examined 
more or less carefully, appears to be that the small dififerenoe of 
^leoifio refraction that exists at different temperatures is a little 
greater in the case of H than m that of A 

Bruhl gives three oases of isomeno or quasi-isomeno bodies He 
measures the specific dispersion the B of Cauchy s formula divided 
fay the density He shows that omnamio alcohol, CyHipO, and 
-ouinamio aldehyde, 0|H,0, both of which he conceives to oontam four 
pair of doubly Imked oai^n-atoms, have a widely difibrent spaaflo 
dispersion, that allyl paraoresolate and anethol, OuHuO, having 
four pair of doubly-linked carbon-atoms, are also quite different in 
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dispersion, and that, on the other hand, rymol and hexahydro* 
naphthalin, both having the formnla bat the first three pair^ 

and the siwond two pair of donbly linked carbon atoms, have nearly 
the same dispersion Bat if we reckon ont the refiwition equivalents 
for oinnamio aldehyde and for anethol from the nnmbers given in the 
same table, it will bo seen that they are inconsistent with the sap- 
position that these bodies have the chemical structure that he 
attributes to them, in fact the extremely high dispersion m each case 
only tells the same tale as the extremely high refraction As to the 
two substances of the formula it is open to question whether 

hexahydronaphthahn has only two pair of doubly linked carbon* 
atoms and tho refraction equivalent calculated for each of the 
specimens throws some doubt upon their pnnty Bruhl also com¬ 
pares methyldiphenylamme with cinnamic aldehyde, but the presonofr 
of mtrogen in the first body, and the uncortamty as to the constitu¬ 
tion of the second, render it unsafe to draw any conclusions from the 
comparison That the specific dispersion of isomeric or poljmeno 
bodies IS practically tho same, except where the constitution is very 
different (as in aniline and pioobne), was shown in my paper m the 
‘ Philosophical Magarme * sue years ago, and this must be set against 
the doubtful cases mentioned above 

The Elemente 

There are but few of the elements of which tho dispersive energy 
can be directly determined, but it so happens that two or three of 
these are among the most dispersive of bo^es 

Phoephonu was determined by Mr Dale and myself m a melted 
oondition, and also by Damien both in that and the solid state Our 
observation gives 31, those of Damien* work out at 2 9 and 2 6 
respectively 

Svlphur —An old observation of mine on this body liquefied, gave 
090 for E—A, and recent observations from its solutions in bisul¬ 
phide of ovbon give 1 2 for F—A These agree in indicatmg about 
2 6forH-A 

Sslsawm —According to the observations of Sirka,t the refractive 
indices for A and D are respectively 2 653 and 2 98, taking the speofio 
gravity at 4 5, the dispersion equivalent of this element would be the 
extraordinary amount of 5 67 for D—A alone 

Hydrogen —Ketteler’s| observaiaons give a dispersion equivalent 
of 0 0152 for the difference between the green line of thallium and 
the red line of lithium 

* Jonmal de Phjmque,’ 1881 
t ' PUifBiidorff Annslen ’ vol 148 1871 p 489 
} ‘Pofgeiidorff Annalm, vol 184,1866, p 890 
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Carbon —Sohrauft* obserrahoiu upon diamond give 0 058 for the 
dispersion equivalent of the same range 
Iodine, in the state of vapour, or dissolved in bisulphide of carbon, 
gives a speotmm m which the order of the colours is abnormal 

Far more important results have been obtained from organic sub¬ 
stances, by following a method similai to that which Landolt adopted 
in bis determination of the refraction equivalents of caibon, hydrogen, 
and oxygen The matenala for such an enquiry are very abundant 
They consist of the observations published by Mi Dale and myself in 
I8bd, and my more lecent determinations published and unpublished, 
the very valuable lists of Lradolt and Bruhl, numerous obeervations 
by Kanonnikoff Nasini and others The Continental observers have 
usually adopted the Imes a, /3, and 7 of the hydrogen spectrum 

On comparing the rofi action equivalents of organio liquids of the 
fatty acid senes which differ from one another by CH« or multiples 
of it, my best deteiminations lie between 033 and 0 30 averaging 
about 0 36 for each CHj On treating in a similar manner fifteen 
senes of such bodies in Bi ulil s tables, some of which contam many 
terms, the dispersion eqmvaleut for 7—• woiks out veiy uniformly at 
an average of 0 215 This answers to 0 342 for H~A Armstrong s 
cymhydrene, which is a saturated substance of the formula 
has a dispersion equivalent of 3 44, giving therefore 0 344 fur each 
CHo Kanonnikofi's determinations of tetraterpene and naphthene, also 
C](Hjg give similar numbers It may therefore be assumed that the 
value of GH| in saturated oi:ganic compounds hes between 0 34 and 
0 35, answering to the well known 7 6 as the refraction equivalent of 
the same combination When, however, wo examine unsatnrated 
compounds m a similar monnei, we find that the value rises to at 
least 040 

Hydrogen —^While the value of OH, may bo fairly taken at 0 84, it 
IS moie difficult to say what portion of this is due to the carbon, and 
what to the hydrogen 1 have endeavoured to determme it, by 
deducting n tunes GH, from the paraffines G«Hi»+i, by companng 
the monatomic, diatomic, and tnatomio alcohols, and by other 
similar means The results are somewhat irregular, as might indeed 
be expected from the smallness of the residual figpire, but give a 
mean of 0 04 per each hydrogen 

Carbon —If the H, in GH, be taken at 0 08, it follows that the 
carbon will have a dispersion equivalent of about 0 26 This answers 
to the refraction equivalent of 5 0 
It is well known, especially from the researches of Bruhl, that in 
nnaaturated organio compounds, there is an increase of refraction, far 

* ‘Ueber dM BupemonflquiTslent ?on Bununt ’ Wiedemaim Aiualen,’ 
vel tt,1884,p 484 
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the line A, of ebont 2 2 for each pair of doubly-linked oarbon-atoma 
Asennung^ thia to be due to a different value for carbon, we obtain a 
refraction equivalent of 5 O + l 1, t e, 61 In all such oases there » 
a great increase of dispersion, this increase, however, is not always 
the same In the allyl oompounds, whether determmed by Bruhl, 
KanonnikofT, or myself, it is uniformly very dose to 0 5 In the 
olefines it u the same In the whole of the aromabo series it u at 
least 0 8 Gomoident therefore with the higher refraction equivalent 
for carbon, we have two dispersion equivalents of about 0 26+0 25, 
and 0 26+0 40 ,1 e, 0 51 and 0 6b 

It must remain foi future consideration, whether there may not be 
an intermediate refraction equivalent, corresponding to the dispersion 
equivalent of 0 51 

On the appearance of Bruhl a papers in 1880,1 ventured to suggest 
that there was a still higher reflation equivalent for carbon, in those 
oases in which it has all four of its umta of atomicity satisfied by 
other carbon atoms, each of which has the higher value of 6 0 or 61,” 
as in naphthalene or pyrene This view has been, and is, the 
subject of controversy, but on turning to the dispersion equivalents of 
these bodies, they are found to be always enormously high, far higher 
than can be accounted for by the figurea with which wo have hitherto 
been dealing 

Chn/gen —It has been established by Bruhl, that in the case of 
aldehydes and ketones, oxygen has a refraction eqmvalent of 3 4 As 
these have the general formula C.HwO, and the dispersion of OHj is 
known, it is vuyr easy to determine the dispersion equivalent of the 
oxygen Various determinations of these bodies giro a fairly uniform 
result, VIS , 018 for H-A 

In the case of the alcohols, the oxygen has a refraction equivalent 
of only 2 8 Comparing the dispersion equivalents of the alcohols of 
different atomicities in the published lists, the mean value for oxygen 
in this condition comes out at about 010 Nevertheless, in the 
oigamc acids and compound ethers, the value of the two oxygens 
together seems rarely if ever to exoe^ 0 24 

Ohhnne —Our lists also give us the means of determmmg the 
value of chlorine in oigmnic substances of the &tty aoid senes As 
reckoned from such substanoes as chloroform, chloral, ethylene, and 
ethylidine ohlonde, and biohlonde of chlorethylene, the dispersion 
equivalent of this halogen appears to be 0 50, though in the simple 
ohlondes of the compound radicles it appears to be a little less 

Bronutu —^The dispersion equivalent of bromine vanes in a «iTnil«.y 
way to that of ohlonne As deduced from bromoform and the 
difaromidee of the o lefine s , it is 1 22, but m the bromide of ethyl it is 
lower 

lodme —The dispersion equivalent of iodine m dwodide of me- 
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thjlene wm fonnd to be 8 65 and in iodoform in aolntion it 
to be about the Mme irhile in the ordinary iodides of the oompoand 
radiolas it is much less 

Nitrogen —Nitrogen appears to havo a lower value m mfailes 
cyanides and snlphooyanides than in orguiio bases but the figures 
obtained so far for eaoh oond t on of nitrogen are not accordant 
The lower value however probably does not exceed 010 The 
values of NOg m the Ihfty acid sonos as deduced from substitution 
products of the alcohols glycerine mannite &o are however fairly 
accordant giving about 0 82 

Sulphur —h or the determination of sulphur we have the excellent 
obeervat ons of Wiedemann * and Nasini f the first on sulphur 
substitution products of carbonic ethers the second on many oxganio 
oomponnds There exist also two or three observations of my own 
It appears that the value of sulphur in mercaptans sulpl ooyamdes 
and Bulphidos of ethyl butyl amyl and allyl is about 1 21 answer 
ing to the refraction equivalent of 14 0 

But in b sulph de of carbon where the refraction equivalent of 
sulphur 18 16 0 the dispersion equivalent is 2 61 and this is about 
the value whiol the element appears to have m the isosnlphooyamdes 
while the element itself d ssolved m bisulphide of carbon gives 180 
for the d spetmon F—A wh ch u equivalent to fully 2 o 

These results are collected together m tie following table The 
dispersion equivalents here given must however not be taken foi 
anythmg more than approzimato 



• Jonm Prakt Chein vol 114 1878 p 458 
t Qssi Ohua lUl vol IS p 806 
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It will be seen by a glance at thu table, that the dispersion eqnira* 
lents of the elementary substances are not in proportion to tbeir 
atomic weights, or, in other words, that they hare different speoifio 
dispersive energies Thus the analogous elements sulphur and 
oxygen, are stiongly contrasted in this respect, their speciho refrac-> 
tive energies being respectively 0 081 and 0 011 Again it will be 
evident that the proportion between the redaction and dispersion is 
not the same even in the case of analogous elements Thus taking 
the three halogens, the ratio between the lofraction for A and the 
dispersion for H—A for chlorme is about 100 to 5, for bromine 100 to 
8 , and for iodine 100 to 15 

Metalt in 8alU —In 1869, as alieady stated T suggested that the 
same data from which the refraction equivalents of the metals bad 
been determined, would bo available ahiO foi thoir dispersion equiva¬ 
lents I have many observations in addition to the data then 
published and Eanonnikoff has been over part of the same gtound, 
measuring the a and /3 of the hydrogen bpeotrum Unfortunately, 
however, the errors of observation boar so considerablo a proportion 
to the whole amount observed, at any rate m dilute solntions, that 
we cannot look upon single determinations of the dispersion eqmva 
lent of a salt as of much value Thus even when great care has been 
taken in measurement each index of refraction is liablo to an erroi of 
±0 0001, and os the error m determining A and H may be in 
opposite directions /*h— eannot be relied upon within +0 0002 
Now among solutions of salts the specific dispersion rarely amounts to 
U 02 the error of observation may therefore bo mote than 1 per cent, 
and if the salt should form only 5 per cent of the solution, the error 
might exceed 20 per cent Such solntions, therefore, aie practically 
valueless for this purpose Yet it would be easy to publish a table of 
misoellaneous aalts, the dispersion equivalents of which had been 
deduced from several fairly accon^nt ol»ervatioiis on fairly strong 
solutions, or which have been corroborated from some independent 
Bonree It has appeared preferable, however, to confine attention at 
present to the senes of potassium and sodium salts, which are far the 
moat complete snd the moat instmotive 

It IS evident at a glance, that the figures m the sodium columns are 
invariably lower than .those in the potassium columns, snd that the 
difference is fairly uniform In regard to the refraction equivalent, 
it IS about 8 88,* and m the dispersion equivalent it is about 0 09 

It follows, that if we con detemune the value of potassium, that of 
■odium may be at once calculated and presumably the some process 
may be extended to all other metals that form solnble salts 

But it IS not so essy to detemune the value of potassium In 


pMTMoiIy detcroiuied U > 8 
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Fotasiium. 

Sodium 

Difference, 

PotcHium 

Sodium. 

Difference. 

Ohlonde .. 
Bromide... 

Iodide. 

Bydrate .. 
Formate... 

Acetate- 

Oarbonate.. 
Oxalate.... 
Nitrite.... 
Oyamde ... 

ia*83 

26-26 

36 78 
12-60 

20 01 
27-62 

28 68 
87-66 
18-99 
17-18 

16 to 
21 80 
32 62 

9 26 
16 60 
24-84 
22 17 

16-66 

8-43 

3 46 

3 26 
8-34 
8-41 
8-18 
2(8-23) 

3*84 

1- 27 

2- 17 

4 42 

0 79 

1 07 
1-82 

1 40 
2-18 
1-80* 
0-94 

1-18 

2-08 

4-33 

0 72 

0 96 

1 23 

1 84 

1 17 

0-09 

0-09 

0 09 

0 07 
0-11 
0-00 
2(0-08) 

0-18 

1 


regard to the refraction equivalent, mj original determination waa 
8’1; but KanonnikoS gives only 7*75, which led me, three years ago, 
to recalculate the obBcrvations, taking Brubl’s valnes tor oxygen, and 
to reduce my previous estimate to 7 85. This is determined mainly 
from the organic salts, and the nitrate, and cyanide. 1 did not draw 
any conclusion from the haloid salts, as the chlorine, bromine, and 
iodine in them appear to have somewhat higher values than what they 
have in organic compounds. 

How are we to determine the corresponding equivalent of diaper* 
sion P From the haloid salts it would seem to be about 0 8, but it 
seems likely that the disturbing influence, whatever it be, which 
increases the refraction of the haloid salts, would affect the- 
dispersion. The formate and acetate, KCHOg and KCjHjOj, pro¬ 
mise more trustworthy results, as we can subtract from their 
dispersion equivalents the numters already determined for carbon, 
hydrogen, and oxygen. This will give respectively 0'53 and 0*44 for 
the dispersion equivalent of K. 

If we view potassium hydrate, KHO, as water in which one 
hydrogen atom is replaced by potassium, water being 0 265, we obtain 
the value of 0*565 for K. 

From the nitrite, EINOj, by subtracting 0'82 for NOg, we obtain 
0*48 for K. 

In like manner from the cyanide, KCN, by deducting 0*86 for 
cyanogen, we get 0*58 fbr 

From the carbonate, K,CO|, by taking the probable value of the- 
COg at 0*60, we get 0*^ for each K. 

From the oxalate, EfCgOg, by deducting 1*00 we get 0*59 for 
each K. 

These figures, varying from 0*40 to 0*59, are too uncertain, and toO’ 

* This is ssthnatsd from msasureassts of A, F, and Gl, and is somsshat open t» 
doubt, as there seems to be something abnormal in the speetmm. 
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wide to gire a good arenge 1 doubt if saob Tanatums oaa be 
attiibated whollj to ezperunentel err o r, bat on the other hand, it u 
diffionlt to imagine that potaanam ahonld have more than one 
duperaion equivalent, while in the same aenes of diaaolved ealte it 
has apparent!/ one and the same refraction equivalent I am more 
disposed to believe, that the nncerlamt/ bee in the value of the 
radidos to whioh the metal is joined, but this will require a mote 
extended research 

It IB also an important enquirj —^To what extent does the modifioa* 
tion of the dispersion equivalent affect the refraction equivalent for 
the line A P On this question, and others of a similar nature, 1 hope 
shortly to subnut a frirther communication I think it will be already 
euffioiontly obvious that the specifio dispersive energy of a compound 
body IS a physical property analogous to, but distinot from, its speoiflo 
refxaotive energy and that it is capable in like manner of throwing 
light upon chenuoal struoture 


XXI ‘ Ou the Bate at which Eleotncity leaks through Liquids 
which are Bad Gondaotors of Eleotnoitjr ’ Bj J J 
Thomson, M A, F R S, Fellow of Tnmty College, and 
Cavendish Piofossor of Expeninental Physics in the 
University of Cambndgo, and H P Nbwall, MA, 
Assistant Demonstrator in Physics, Cambridge Received 
May 26 1887 

The experiments here desonbed wmw undertaken to test whether 
the rate at which elootnoity leaks through a liquid whioh oondnote 
eleotnoity badly, does or does not follow Ohm s law 

Ihe method used is deeonbed later on, it consists m establishing 
by a battery a difference of potential of about 100 volts between the 
plates of a oondenser, in which the dieleotno u the faulty insnlator to 
be experimented on thm diaoonneoting the batteiy, and meaeumig 
vnth an electrometer the rate at which the difference of potential 
dies away 

Let Oj and «, be the differences of potential at the begmmng and end 
of an interval T, and let 


If 0 be the oapaoity of the oondenaer, £ the quantify of eleotnoify 
which has leaked away in the tune T, then 
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•othat 1). 


The rate of leak = q/T, so that 



Now if the oondnction follows Ohm’s law, S will bo constant; 
henoe Ohm’s law will he obeyed if a; be constant. The tables given 
later on show how nearly constant x is. 

To test the aoooraoy oi the law, we have— 

— — ^ ^ a* 

2 ” ~ a ''*—1’ 

ao that a change of 1 per cent, in » will correspond to a change of 
a—1/a per cent, in 2, and a deviation from Ohm’s law to this extent. 

The liquids tried were beneene, olive oil, carbon bisnlphide, and 
paraffin oil. We conid detect no deviation from Ohm’s law for the 
first three of these substances, though the difference of potential fell 
from 500 scale divisions to 20. For {»raffin oil, however, the oon> 
dnotivity seemed sb'ghtly greater when the difference of potential was 
large than when it was small. The departure from Ohm’s law even 
in this ease was small. 

Qninoke* has found that when the E.M.F. is comparable with that 
which would cause a spark to pass through the liquid, Ohm’s law 
ceases to be even approximately obeyed. Thus, for carbon bisul- 
|diide, when the E.M.F. was 29'21 G.G.S. unite, the current was 6'2; 
when the E.M.F. was 47*74, the current was 36; showing that with 
large electromotive forces the current increases much more rapidly 
than the E.M.F. 

With the small electromotive forces which we used, the current, 
however, is proportional to tiie E.M.F., showing that when the E.M F. 
is'oomparable with that required to produce a spark through the liquid, 
other methods of dissipating the energy of the electric field must 
exist besides those which are active in conductors conveying a current 
according to Ohm’s law. 

We found that carbon bisulphide showed a phenomenon analogous 
to electric absorption, the only case we know where this has been 
observed in a liquid dielectric. 

The conductivity of all the liquids on which wo experimented 
increases as the temperature rises, so that in this respect they behave 
like electrolytes. 

* • Wiedemann, Annalea,’ voL S8, p. 629. 
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Detenphon of Apparatm 

The rondenier connuted of two copper cylinders, the outer one 
being formed into a pot 12 inches deep and 4 inches in diameter, 
closed at the bottom by a rounded end carefully worked inside, the 
inner one, 8 inches long and 3 inches in diameter, being closed, 
rounded off at both top and bottom, and carefully worked outside The 
ontei cylinder was held in position on a bracket attached to a bnck 
wall, and was always oonneoted to earth through the gas pipes, the 
inner one was suspended by a silk tiiread, 5 feet long also from a 
bracket on the wall vertically above the first, and was connected to 
an insulated mercury cup by means of a thick wire, which was care¬ 
fully soldered into the top of the oylindor, and bent mto a loop to 
attMh the silk thread to The figure shows the arrangement in eleva¬ 
tion, the outer cylinder being represented as transparent, to show the 
inner cylinder and attachment 



The liquid to be experimented on was poured into the outer pot, 
and the inner cybnder was lowered into it, both being set vertical ly 
means of a plumb line It was found necessary to load the inner 
cylinder with shot to keep it sunk in the liquid 

The suspension by a single silk thread was found very satisfactory, 
as it insulated well, and avoided the introduction of sohd dieleotnos, 
and the suspended cylinder if disturbed came again to rest after a 
very few osmllationB 

The condenser was charged by means of a number (varying between 
20—80) of Post Oflice Darnell cells, and Thomson s quadrant electro- 
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meter (White’s form) was nsed to show the fall of potential as the 
charge leaked through the faulty insulating liquids. 

To facilitate changes of connexion between the condenser, the 
electrometer, and the cells, a paraffin block, with holes bored through 
it and filled with clean merenrjr, was nsed. The whole arrangement 
of apparatus was as shown in fig. 2. 



In testing the arrangement the condenser was used as an air-oon> 
denser, and it was found that there were signs of some electrical 
absorption. These were traced to the paraffin key and the wire oon< 
necting it with the electrometer. The key was improved by the use 
of very clean mercury, and very careful amalgamatiop of the ends of 
the copper wire dipping into the mercury cups. The wire at first 
used to connect the cup A in the key with the electrometer was 
covered with gutta-percha, and the whole passed through lead pipe, 
put to earth to protect it electrically from the experimenter. But it 
was found that there was absorption on charging and the appearance 
of residual charge on discharging the electrometer; the gutta-percha- 
covered wiro was therefore discarded, and bare wire stretched between 
insulating points, and this was then protected electrically by a shield 
of sine, enclosing it and put to earth. 

In testing, the condenser was connected with the electrometer by 
laying a piece of wire, so os to oonneot the cups C and A. A second 
piece of wire carefully insulated in a bar of paraffin which was attached 
to a metal handle was then nsed to connect the colls by the cup B to 
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either A or 0, and the oondenaer and eleotrometer were then charged, 
the odla were then diaconneoted, and the &11 of potential as noted hy 
the electrometer readings was obeerred at eqnal intervals A metro¬ 
nome was need to beat half seconds , the position of the spot of light 
on the scale was noted every 5 seconds generally, and a curve was then 
plotted with the time for absoisss and the potentials as denoted by 
the electrometer deflection for ordinates 

In preliminary experiments, in which a sample of benzene (later 
experiments showed it to be very impure) was need in the oondenaer, 
it was found desirable to introduce an air condenser, so as to diminish 
the rate of fall of potential, and to get more reliable readings The 
air condenser consisted of two worked braes plates, held very slightly 
apart ly three dots of shellae One plate was attached to the inner 
cylinder, the other connected to earth with the outer cylinder of the 
experimental oondenaer 

From fame to tune throughout the course of the experiments, which 
were oontmned through about tiiree months, the apparatus was tested 
for leaking (i) through the electrometer, (ii) throngh the k^, 
(m) through the air condenser, (iv) throngh the attachments of the 
experimental condenser 

To get nd of dirt and dust from the liquids to be placed in the 
oondenaer, very careful flltenng was necessary, but generally after 
ten or twelve times, first through Swedish filter-paper, and finally 
through a tight plug of " glass wool, ’ as much as could be done by 
filtering had been done 

Difficulties were at first met with on account of what were probably 
chemical impurities in the samples used We finally decided to use 
much smaller quantities of the liquids m the oondonsei There was 
scarcely ever more liquid than would half immerse the inner cylinder, 
that IS, more than would extend 4 inches up the straight part of it, 
but there was never less than would extend three eighths of an moh 
up the straight 

Mode of EiUonmg BeeulU of Expenmente 

The potential of the inner cylinder was noted at equal intervals of 
time (generally five seconds) from the deflection of the eleotrometer 
needle These defleotions were recorded in tables, and the ratios of 
aaooeedmg defleotions were deduced Two curves are drawn, one 
showing the fall of potential with the lapse of tune, the otiier showing 
the value of the ratio of successive values of the potential The mean 
value of the ratios is found, and a line drawn with this value This 
cuts the curve of ratios, and shows at a glance the departures from the 
constant ratios, which would obtain if the leak throngh the dieleotnos 
took place according to Ohm’s law 
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EjrpermeuU tm hemcne. 

The first snooessfal exporimonth wore made with an impure sample 
of benzene, and the method was shown to bo practicable. But before 
more careful readings were taken the cylinders had to be re-worked, 
beoauBo of some irrcgnlantios on the surfaces. On setting the appa- 
latns up again, it was found that the impure benzene no longer insu¬ 
lated well enough to allow us to get readings. The reason of tho 
change we have not been able to discover. 

A pure sample of benzene was got, and after the nsnal filtering 
processes, the condensei was filled and charged, and readings were 
taken at five seconds intervals. 

Tables I—IV give the electrometer deflections, and tho i-atioa of 
successive pairs fur different sets of readings under varying con¬ 
ditions, which are specified at the head of each table. 

Tables II and lY arc shown graphically in fig 3, which gives two 
curves of falling potential and two ratio cun es. 


Table 1. 

Experiment 12. Pure Benzene i inch up straight. 


Uefloctioiu Bitios. 

DiiflertionH. Batio*. 

DfUfcUoiu) Batioa. 

■440 

806 1 “ 

857 } JV 

a2i }}{ 

800 } W 

»» III 

m ' 

m {^ 

!S 

1 09 

116 , 

10.3 , „ 

s \l 

H >>* 

Table II (see Fig. 3) 

Experiment 13. Pure Benzene. J inch up straight. 

Deflectiona B^ioi. 

Deflootionii Katius. 

Deflevtion*. Ratios. 

S? 

^ 1 07S 

^ 1077 

^ 1 076 

SS I*"** 

1 060 

1070 

i 1- 
i 

m. \Z 

1-0S6 

isiiikiiii 
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Table III 


Fzpenment lb Pare benzene 2 inebos np Rtraight 



lable IV (ate fig 3) 

Fspenment 17 Pnie Benzene 2 inches np straight 



CuTTef plotted for beniena from Table* II and IV 

The (traight hnea through the ratio auire* are drawn to show the mean ralne of 
the ratioa 

In the ratio cnrTei 1 diTiiion of the nded paper eoneepondt with 0 01 in the ratio- 
Talnet 

In tlic deflection curref 1 diriiion •• SO in the deflection 
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Experiments on Paraffin OiL 

Little or no difficnlty was met with in the case of the paraffin need. 
It was an ordinary sample of tho oil nsed in lamps. After careful 
filtering it was put into tho condenser, and readings were taken. 
These are given in Tables V—^VII. Experiments 36 and 37 gave 
readings almost identical thronghont. They are represented 
graphically in fig. 4. Tho interval between sncoossive readings was 
5 seconds. 


Table V (see Fig. 4). 

Experiments 36 and 37. Paraffin Oil. 1 inch np straight. Con¬ 
denser charged for 10" only before readmgs were taken. 



Table VI. 

Experiment 38. Paraffin Oil. 1 inch np straight. Condenser 
charged for 3' 0" before readings were taken. 



2 H 2 
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Table VI r. 


Expenmetit 89. i‘afuffiii Oil PI inch up Htraight. Short Char^. 


Deflcolion* RbIio* 


l>pnccUoM Hat KM 


1 181 


:u5 

SHU 

21U 

206 


1 101 
I •106 
1 170 
1-104 


1 163 
1 H.l 
1 150 
I -lOB 


Beflot tion* 


I 


61 

63 

47 


Rstioa 


1 -150 
1140 
1*163 

i-m 



Kipitimenli oh Vallum VUHijihule. 

When curbun dmulphidc -wan aaod an the luakiujc dielectric, con¬ 
siderable discrepancies appeared; the ratio curve fell or remainotl 
steadj in what seemed a capnoious manner Filtonn(i^ seemed to make 
no difference, althongh again and again rept'att-d; the condenser 
(flinders were cleaned carefully; the liquid was distilled several times, 
and the discrepancies only seemed to be exaggerated, espeoially in 
experiments made very soon after distillation. The still was cleaned 
and again used, but to no effect The irrcgnlanties still remained, the 
ratio cni-vc in some instances being as steadily liorisiontul as in the 
case of benticnc and paraffin oil; at other times the values of the 
ratios falling as much as 12 or 15 per cent. Fig. 5 gives Table Vilf 
graphically, showing the gieat fall of the ratio curve. The ohaiigcs 
in the xero of the eleetromot(.T wei'o such as to lead ns to the notion 
that wo had to deni with something analogous to olectno absorption. 
We theretoi-c tried the effect of varying the time of chaiging the 
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Cune pl< ttul f( 1 caiboii Us il] Ii (r front iable VIII 
I lino of It irge probably khort 


<ondbUHCi, and in IhiN way found that the disci o)auut8 were dm to 
accidental difforcncia in tiu time of chaige 

hg 5 ahowfi outves diawn from oaibon disulphide, the only 
vaiiable m the (irtumstancos for the diflcrcut enrres lieiiig the timo 
of charge It will bo seen tlut the ciiivo eoiiespundiiig to a long 
charge is much less stuep than that ct rrespondmg to a shoii charge 
rabies VIII—XI give tho readings and latios foi tht euibon di- 
snlphide eipciiments 


lill VllJ(seehig >) 

ExpelimentJ7 Luibcn Disnlphide 2 niches np straight lime of 
charging not noted but fiom form of rttio onrn pr ibably short 


Diflcotiona Ral it 


1 2S 
1 25 
1 25 
1 10 
1 21 
1 20 


1) fl to 


NO 

67 

>7 

46 


RU 

I II 
I 20 
1 IJ 
I 17 
I IS 

1 17 


1) I 


41 

lo 

30 

25 

22 

1 ) 


nit Ratio* 


1 17 
1 17 
1 20 
1 18 
1 16 
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Table IX. 

Experiment 80. Carbon Duolphide. | inch up straight. Time of 
charging not noted, bnt probably long. 

DeflMtionf. Batio*. 

Deflection!. Batios. 

Doflortioni. Bafaoi. 

600 -.ft- 

-MO 1 

419 

306 J 9? 

866 } 95 

lift ^ ^ 

1 -06 


191 , 

1«0 i-M 

ITS 1 

1-M 

1-06 

1« 

1" J M 

134 1 

Table X (see Eig. 6). 
Experiment 33. Carbon Dtealphide. 3 inohe 
charging 2 seconds. 

1 Befleotioni. Batiof. | Dt-floctioni. Batioi. | 

B np straight Time of 

Deflection!. Batio!. 

115 

^ 1 13 

^ 113 

M8 113 

3®* 1 12 

265 11, 

238 \ J! 

213 1 11 

s t i? j 

!“ IS 

m 1“ 

IJf ■'» 

Table XI (see Fig. 6). 
Experiment 34. Carbon Disnlphide. 3 incbe 
charging 10 minutes. 

8 Tip straight. Time of 

De&eotwni Bsboi. 

Dcflrctiona Bstio*. 

1 Doflectiona Batio!. 

^ 1-081 

22 1 088 

aiR 1080 

^ 1-064 

^ \'^ 

^ 1 067 

mi 1 067 

1068 

1-066 

M7 1 03° 

1-066 

^ 1-063 

i»» J 

186 

iw l-SS 

IM ll*! 

146 1331 

IM 1 338 

•» I'SS 

>” JSS 

seesasessSSS 

iiiiiiiiiii 
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OorTM plotted for oarbon duulphtdo from TablM X an 1 XI 
Upper ourre from roadingi taken after a lonK { nol (10 mmutee) of oharging the 
oondonMn lower ourre after a ehort period (2 eeeon U) Olberwieo oondiUone 
Bimilar 

The ourrei of ratio* are on the aame Kale and liare the same rero line about 3 imohee 
below the lower edge of the dgure 

We deal later with further expeiiments on thc’io phenomena of 
abeorption and reeidoal charge 

r»p nmenls on Ohvc OH 

Vtij little trouble was expeiienoed with olive oil The eample 
need proved to be the best insulator of all the liquids wo tried After 
filtering once through bwodish paper and once through a glass wool 
plug, it insulated an well as after numeions filteiings 

Readings of the dcflootionsweretakt u os bof re eveiy five seconds, 
but m Tables XII and XlIT only those taken at intervals of 
25 seconds are recorded the formt t being taken aftc r a shot t hme 
of charging, the latter after a long time lig 7 is plotted from 
Table XIII, but is on a different scale from fi^ I—6, so far as the 
ftmsoooidinate is contemed in ordci to bring more of .the curve into 
the plate 

Table XII (set, Uig 7) 

Experiment 44 Olivo oil 1 inch up straight Time of charge 
tlunri 
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Table XTII. 

Expeinment 45. Olivo oil. 1 inch up ntraight. Time of oliaiffo 
hmg. 


Defleetiont. Ratio* 


IIWI 

1 -ieo 
1-186 
1 -ltM 
1 ISO 


1 173 
1 186 
1 170 
1 SOS 


107 

SO 

76 

60 


Kia 7. 



Curvo iiloltwl for oIitp oil from Tablr XII 
Tune of ohar){iBfi condonwr »hort 


HJrperiments on llute oj Leal at Diffeieid Temperatures. 

In all tho liquids exporimented on (benzene, olive oil, carbon disnl- 
pbide) the leak was quicker at higher temperatures than at lower. 

These liquids thon must be classed in this respect with electrolytes, 
and not with metallic conductors. 

A metal vessel was put round tho outer cylinder of the condenser, 
and was connected by a tube with a second vossel, which could bo 
heated or cooled, and raised or lowered. By these means the condenser 
could be surrounded by hot or cold water without having its jiosition 
distnrbeil in any way. 

Bondings wero then taken a( l.i seconds mtorvals, tho condenser 
being in one set of observations under tho same circumstances in 
every way except with respect to temperature. Each set contained 
three (or five) readings, one reading at a high or low temperature 
being taken between two readings at a medium temperature, so as to 
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Hhow that no permanent rhanf^ had taken place by the raiHing or 
lowering the tomperatuni of the leaking diclcotne. 

Bemene .—TablcH XIV—XVIIl give the readings for bcniene at 
the toniperatuTOs specified at the head; and fig 8 shows the tables 
graphically 

BeiiKonc at diffeieul Teiupeiatnivs 
Table XIV Table XV. Table XVT. T.vhle XVII. Table XVllT. 


Temp 10 H“l' Temp 22° C Temp 114 (' IViiiji ! 


I'll 
1 10 
1 10 
1 10 
1 10 
111 
1 0« 
1 10 
1 05t 
1 01 ) 
1 10 


1 10 
1 16 
1 10 
1 15 
I’lO 
1 16 
1 17 


1 10 , 
I Ott ' 
I 10 
1 10 
1-lW 


1 OS 
1 OS 
1 0!) 
I 01) 
1 1)8 
1 OS 


Katnw— 
Mean.. 1*10 
Mu ..1 12 
Mm ..1-08 


I 167 
1 17 ' 

1-16 I 



Curvei plotted for benxene at different teinpemture» from Tables XIV, XV, WIT, 
and XVIII. 

Dotted enrro for benzene partially frozen in wmlenier 
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In the tables the ralnos of the ratios have been put down, and they 
will be seen to be faiily constant in each table 
Table XVII contains readings for bonsene at 5 4P, the leak was 
so slow in this case as to attract attention, and it was found that the 
benxene was partially frozen hence the onrve in flg 8 is dotted to 
show that the benzene was in a different state 
The curve corresponding to Table XVI would come very close to 
that corresponding to lable XIV, and is therefore omitted from 
fig 8 

Carbon Duulphxde —Tables XIX—^XXII give the readmgs and 
ratios for oaibon disulphide at different temperatures 


C aibon Disulphide at diffeiont lompoiatuies 
Table XIX Table XX Table XXI Table XXII 


Temp 9 8° C 

lomp 10 2® C 

Temp 4 4® C 

Temp 8 6® C 

S 

s iS 
5 

^ 1 S 

" i 
^ 101 

SOI ^ 

T, 108 

398 

370 J 

VI 

276 

7f 1 07 

MB 

S! 1“ 

367 J ^ 
839 

“6 1 OB 

310 J ®J 
281 

^ 1 S 

« ■" 
^ 1 ®4 

^ 1 ®4 

JS 1®6 

600 - rt- 

474 } 

46® J®J 

5S J®J 

1 0? 
^ 1 m 

5« 1^ 

279 } ®® 

1 06 
^ io« 

m 1 ®« 
ma 1®« 
m >« 

Bstiof— 




Mean 1 053 

1 071 

1 058 

1 066 

Max 1 06 

1 06 

1 06 

1 06 

Min 1 01 

1 07 

1 04 

1 06 
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Oumt plotted for carbon buulphido at different tomperaturef from Tablet XIX, 
XX, and XXI. 

Aonire plotted from Table XXII would almoat coincide with that from Table XIX. 

In fig. 9 tho curve from Table XIX w pi-actioally the aamo as 
that from XXII; the latter is therefore omitted. 

Olive Oil .—Tables XXIII—XXVIII give tho readings and ratios 
for olive oil, and fig. 10 shows graphically the first three of those 
tables. 


Olive Oil at different Temperatures. 

Table XXin. Table XXIV. Table XXV. 


Temp. 11'6* C. 

Temp. 47 *6*0. 

Temp 18 6° 0. 

^ MS 
^ 1 10 

SS ■“ 

273 

247 1 

^ MS 

2OT ^ 

'S »»« 

2.. 

1 24 

Batioi— 



Mean.. 1 10 

2-46 

1-236 

Max. .. 110 

2 64 

1-24 

Mm. .. 1 10 

2 38 

1-23 
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Tnblo XXVI 

Temp. 10° C. 

4aa \ “ 

3«a ; ^ 

^ llo 

IS 

Table XXVII 

Temp arc. 

Table XXVIII. 

Temp. 12° 0. 

■* ww , 

422 J 

863 \ 

816 { 

286 \ “ 

30® 1 Ui 

ItidlOS 


1 160 

Mean.. 1 Ml 

1 .'.1 

I 16 

Mai .. 1 1« 

1 6.1 

I-lt 

Mm .. I M 

1 Ml 


— 


— 


Kio 10 



Cuni’d plolUil lor olive oil al different tein|K<mtum from Table* XXIII and XXV 
The doUi>d etiMo is got by a process of mterjiolation rouglilj from Table XXIV. 


At tin* Iiiglici- tc'inpotutnren the n»tc of leak was so groat that 
then’ 18 soino doubt as to tho first ivadiiig of the defleotioii. honoe 
the disorepanciOB in the values of the mtioe 

TabloH XXIV and XXVII are abridged fi-otn fuller tables which 
give readings taken at 15 seconds intervals. These ore given helow. 
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Tablo XXIV. Table XXVII. 


TemjKTaturn 47 6’ C. I 


:vto 

aKJ 

220 

KiS 

123 


I 


Tempt nlun 31° C. 


«K) 

I2.i 

3li<> 

321 

2S2 

2t*> 

21 .'. 

1W» 


1 1 .'. 
1 13 
I 15 


I 15 
1 14 
1 11 


I 


I 


Er^ierimenfs with Higher EUctrmnotiie Forets. 

In tbo oxporitnents dealt with ho far llio buttery aned to charge the 
condenser was one of 20 silver ehlondo colls, hence of clcotromotne 
force of about 20 volts For electromotive fmves between 20 volts 
and aero Ohm's law le ebown to bold good for tbo liquids expen* 
raented on By the following experiments the limits were extended 
to botwiHin aboat 100 volts and zero 
The condenser was charged to about 100 volts, and i-eadings were 
tahon at intervals of 15 seconds, the electrometer having bei>n reset 
so as to be loss sensitive. The ratios arc, without any obvious reason, 
less i-egular than in the earlier experiments. 


Table XXIX 

Experiment 103. Olive oil. Charged to about 100 volts. 


Doflectiong 


400 

4.17 


SOS 

266 

2.14 


Rslioi 


Dofloolioiw 


1 12 
1 11 
113 
1-14 
1 16 
1 13 
1 16 


Hntio* 


1 16 
1 16 
1 16 
I 13 
1 14 


1-12 
I 14 


1 13 
I 13 
1 14 
I 13 


Ssliof— 

Mt»n. Ill 

Manmum. I 17 

Minimum.I 11 
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Table XXX 


Fxpenment 108 Olive oil Charged to about 100 volts 



Batioi— 

Mean 1 214 

HaxDun 1 2fi 

Min mum 1 17 

Ex} enmenti on Rendual Charge 

Caibon disulphide shaved peeulianties m the above expenmonts 
With a short and sudden charge the rate of fall of potential was much 
quicker at the boginning than at the tnd of the readings This u 
what would bo expected if there were electrical absorption pait of 
the fall being due to tine leaking part to absorption If the rate of 
leak IS aoooiding to Ohms law the ratio curve foi such a liquid 
would be inclined to the honzontal at first but the inclination would 
diminish with tune This is what is found in the case of carbon 
disulphide when the condenser is cbai^ged for a short tune 
Again the condenser with carbon bisulphide between the cylinders, 
was charged for a time then qaicklr duoharged and its inner cylinder 
connected with the doctromeior The deflection was at first Conner 
ion rero then shortly rose to a maximum value and finally diminished 
again after some time to sero If the condenser was charged with 
opposite sign the deflection fiom rero was in the opposite direction 
If the condenser was charged first with one sign and then with 
the other the deflections iVom soro were much smaller but thej 
appeared in the sense expected from residual charge phenomena 
These eflects were gieatest just after the Cl^ had been redis 
tilled but at times were totally absent The still was cleaned but 
the effects after fresh distillation were as marked as before 

Attempts to increase the eflects by rendering the liquid less homo* 
geneous were successful for heating or cooling the condenser un* 
equally always (xaggeratod the deflections 
The following rea^gs are a sample of numerous experiments — 
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Tune 

0 0' Condenser oonneoted to batterj 

0 30 Condenser quickly dischsi^ed and connected witb electio* 
meter 


Beading on scale 

10 
2 0 
1 0 


519 

G15 maximum 
55? 

544 


Other liquids were tested in this way, but in no other case were 
similar phenomena observed Mixtures of Cbj and benzene or 
paraffin were also inactive m this sense, eien when the miztnies 
were incomplete and the liquids were put in in such a waj as to be 
“ streaky ’ as was found possible 

Some attempts were mi^ to discover traces of polansation, but no 
definite results were obtained In the earliest experiments somethmg 
of the kind was observed, but this was traced to the key and con¬ 
nexions 


XXII “Iho Development of the Branchial Artenal Arches m 
Birds with special Reference to the Origin of the Snb- 
clavians and Caiotids ” By John Yule M vckat, M D , 
Senior Demonstiatoi of Anatomy, Univeisity of Glasgow 
Commimicated by Professor Clkland, MD, FRS Re¬ 
ceived May 29, 1887 

(Abstract) 

According to the theories of Rathke, which are universally accepted 
at the present day, the subolaviau artery is snpposod to take its migin 
from the aoitio root or fourth embryonic branchial artenal arch In 
the adult bird the subclavian on each side is found spnnging from 
the extremity of an innominate artery along with the common carotid 
It 18 presumed that the right subclavian has been, by a shortening of 
the aortic arch, earned forwards until it meets and fbses with the base 
of the common carotid artery and the left subclavian is regarded as 
representing by its basal portion the fourth lift arch oi left pnmitive 
aorta Ihe subclavian of birds is thus regarded by Bathke as being 
developed m a manner similar to that of mammals The author 
pomts out, however, that there is a marked difference in the rela¬ 
tions of the artery to the surrounding parts in these two groups In 
mammals the subclavian artery is crossed on its vential aspect by the 
jugular vein and the pneumogastno nerve, and the recurrent branch 
of the latter turns round it upon the right side, but in birds the nerve 
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nnd \im u< dorsally*placLd is lo^rds tlio aitory, and the lecnrrent 
laiyrigol uoiree tarn lonnd the dnetas aitenoeos oi veshgOB of the 
hFtli arclnx a rolatioiiship which cannot hi accounted for by sapposing 
nitli Killike tiul tlic vchBcI tiiheH its oiigm first fiom the aoitic 
t K t bcc lust if 8(1 arising it would occupy a position doisal to vein 
nid mive nnd it is impossible to imagine a method bj which the 
III leiy eonld pass iiom the doisal to tlie lential aspect of these btroe 
tuies witliout ciilting them thion^h in its eouise 
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Til these circumstances the authoi has undertaken an investigation 
into the manner in whu h the subclavian artciy first makes its appeals, 
anco in buds He finds that it oicnpiea from the first a ventral posi¬ 
tion RTiHing fiom the truncus arteriosus at the \entral end ot the 
thud aioh The vissil maj be seen in the freshly removed embryo 
duck or ohiek on thi thud or fourth day, at a time when the pectoral 
limb IS merely a small projection from the body.wall, and on the fifth 
day in the chick it may, while still filled with blood, bo traced by the 
eye from the ventral end of the third arch across the superior cardinal 
vein to the limb Ihi presence of this ventral vessel is also demon 
btinted dnnng the thud, fourth and fifth days m the chick by micro¬ 
scopic sections of hardened embryos, but, owing to the oblique course 
which the aitcry holds in the body-wall, it is impossible in one senen 
of seediuns to trace its entire length, and this is probably the cause 
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of ita having boon overlookad bj previong observora In ohioks afc 
the close of the sixth day and m older forms it is pointed out that 
the arlery may be followed by dissection nn lor water The innomi 
nate aitery has been obseived to be formed, not by the gradual 
footon of the snbclavian and carotid aitenox at their bases, but by 
the splitting up of the tronens aiteiiosns into canals continnons 
with the thiee permanent arches the innominate aitcry belonging to 
the thud, and the basal portions of the aorta and pulmonary artery 
to the fourth and fifth respectively 

The author has also examined the relations of the subclavian 
aitery in the different groups of vertebrate animals, and finds that 
instep of there being but one artery prolonged into the limb, as 
Rathke held, there are in leality two such vessels One is repiosented 
by the mammalian subclavian, and aloo in lizards and amphibians 
IB found arising from the aortic root, and passing outwards to 
the limb dorsal to the pnenmogastno nerve and jugular vein The 
other, present in buds and in crocodilian and ohelonian reptiles, 
arises fiom the ventral end of the third arch, and ciosses outwards 
ventral to vein and nerve In most of the lower forms representa¬ 
tives of both vessels are present and 'one or other is specially 
onlarged and supplies the greater port of the limb but it is 
pomted out that in the forms whete the two vessels oo exist they 
anastomoBo with one another in the body wall at the base of the limb 
This anastomosis maj be dissected out in lizards, whore the dorsal 
vessel IS specially enlarged and in crocodilian reptiles, where the 
ventral artery plays the important part 

In the higher forma (birds and mammals) one of the arteries alone 
IS present, but the cotaroan group of mammals forms an exception to 
this rule In this group both arteries are to be found and it is the 
ventral, not the dorsal as in mammals Igenerally, which specially 
aupplios the limb 

With reference to the development of the carotid artery in birds, 
Bathke believed that the external carotid was the prolongation of thi 
ventral trunk from the extremity of the third aioh towaids the head, 
and r^puded the branches of the external carotid as deiivatives of 
ibis ventral vessel The internal carotid be looked upon as represent¬ 
ing the third arch and its dorsal continuation towards the head, while 
the common carotid was believed by him to be the portion of the 
ventral vessel between the thud and fourth arches 

It IS pointed out that if the observations already explained as to the 
ongin of the subclavian arteiy be accepted, and that vessel be held to 
arise from the ventral extremity of the third arch, then, if Bathke’s 
theory of the external carotid be true, the subclavian should be found 
in the adult os a branch of the external carotid, but this is not the 
case The common carotid artery, which Bathke regarded as a ventral 
TOL XLII 2 I 



432 The Biaehtal Attenal Arehee tn Btrde [June 16, 

veBSol, rnns towards the head in the adult bird, upon the dorsal aspect 
of the alimentary canal, and distributes intervertebral branches as it 
(foes llathke believed that this artery was originally vential in 
position and passed gradually round the cBSophagus in the course of 
growth until it finally reached the dorsal aspect, but the author 
points out that while the aitery does change its position somewhat, 
it IS to a much more limited extent than Bathko believed In the 
chick of the third or foni th day the main vessel for the supply of the 
head is the doisal eontinnation from the third arch the ventral 
vessel being small The examination of the further development by 
sections and dissections makes it evident that the vential vessel 
dwindles in importanec, and becomes finally a small farauoli passmg 
fiom the bukclaviau to the ventral aspect of the tiachea, while the 
dorsal pi elongation becomes the sole supply of the head At the 
close of the sixth day the dorsal connexion between tho ends of the 
third and fonith airhes is still present, and it is continuous with the 
common carotid, which may be easily followed to the head as a dorsal 
vessel, and its external branches, as well as its internal are therefore 
to be regarded as denvativcs of a dorsal stem In the adult the 
ooinmon caiotid lies in the middle Imo of tho nook in contact with its 
fellow of the opposite side, but in the embryo the vtshcls of opposite 
bides aie at some little distance from one anothei by the seventh day, 
however they haie approached one another so os to be almost in con* 
tact Ihis change, however, is not, as Bathki supposed the passage- 
of a ventral vessel to a doisal position but a slight alteiation in the 
hue of a vessel alieady dorsal 

When the carotid system of different groups of vertebrate animals 
18 examined, it is found that m those forms whore on account of the 
preservation of tho doisal connexion between the third and fourth 
arches tho continuous doi-sal longitudinal vessel can bo traced, the 
branches for tho supply of both internal and external aspects of the 
head arise from this doisal vessel In these forms the ventral pro 
longation supplies only the tongue This is the oaso m most lixaids 
As the higher stages are reached tho disappearance of the portion of 
the dorsal vessel between tho ends of the thud and fourth arohea 
makes a ooropaiison of the vessels uncertain but the author has dis* 
covered in the crocodile, and as an abnormality m a guillemot, solid 
cords stietching between tho common caiotids and aortai on the dorsal 
aspect of the alimentary canal In these cases it is soon that the 
greater part of the common carotid is to bp regarded as the dorsal 
prolongation from the third aioh towards the head Ihe ventral 
vessel in birds and crocodiles is not, therefore, the external carotid, a« 
llathke has it, but an aitery running upon the trachea and supplying 
branches to the mnsclea on the ventral snrfaeo of the neck 
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XXIII. “On Radiation from Dull and Bright Surfaces.” By 
J. T. Bottomley, M.A, F.R.S.E. Communicated by 
Sir W. Thomson, Knt., F.B.S. Received May 26, 1887. 

In connection with an investigation on h&at radiation which I have 
been carrying on for somo time past, and on which I recently pre¬ 
sented a commanication to the Royal Society, I have hod occasion to 
examine the important reanlts obtained by Mr. Mortimer Evans on 
the radiation of light and heat from bright and dnll sorfacea when 
inoandeaoent (‘ Roy. Soc. Proc.,* vol. 40, 188C, p 207) , and I have 
repeated and verified some of his experiments. Mr Evans experi¬ 
mented on carbon filaments of incandescent lamps; and in calculating, 
for my own use, the resistances of the filaments at different degrees 
of incandeacence I was led to an unexpected result, and hence to an 
investigation of which I desire jnst now to offer a preliminary notice. 

In order to explain, it is necessary for mo to state briefly the object 
and natnro of Mr. Evans’ experiments. Their object was the com¬ 
parison of the radiation from snrfaces having a bright, polished 
appearance with that from dnll sorfacos having the appearance of 
lampblack; and ho was led to an important practical couclnsion as to 
the superior light-giving efficiency of the brilliant-looking filament. 
For these comparisons the game filament was treated in such ways as 
to alter the surface from dnll to bright and back again. It was taken 
out of the glass globe for the purpose, and after treatment placed in 
a fresh globe, which was then exhansted. The lamps thus constrncted 
and roconstmeted were tested at various candle-powers, the energy 
for each candle-power being determined. 

The tables given in Mr. Evans’ paper show for the filaments in 
different conditions the potential and the current required to maintain 
different candle-powers from four candles upward. Using his nnmbers, 
and supposing Ohm’s* law to hold for the carbon filaments, I have 
calculated the resistances of the filaments at different candlc-powezB. 

Two filaments used by Mr. Evans afforded satisfactory data for my 
oalonlations. They are designated in his paper D, DD, DDD, and C, 
CO, CCC. They had been treated in the following manner;—The 
filaments D and C were “ flashed "so as to hare a dull surfree with 
the appearance of lampblack. DD and CG are the same filaments 
flashed so as to have a brilliant surface, which, though black, has 
something of the appearance of frosted silver. DDD, CCC, are the 
same filaments again rendered dull as at first. The following table 
shows the volts, ampei'es, and calculated resistances at the candle- 
powers given in the left-hand column — 

* I have already oommenood an inveatigntion into the qiieetion of the conformity 
of carbon ftlamenli at diiforent tomperuturea with Ohm’i law. 


2 I 2 
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Table I —Carbon D 


[June lb. 


I) 


DD 


DDD 

Candles 

Volts 

Anp 

Beset 

Volts 

Amp 

Beaut 

Volts 

Anp 

Beaut 

4 

46 6 

1 oa 

46 6 

37 3 

1 

37 3 

84 

1 28 

26 6 

10 

&J 6 

1 2) 

43 H 

42 

1 13 

87 17 

88 6 

1 62 

26 3 

ao 

68 a 

1 40 

41 

47 8 

1 sa 

86 20 

43 

1 77 

24 S 

40 

66 

1 ea 

40 1 

62 6 

1 63 

84 3 

48 

2 06 

28 8 

60 

bH 

1 70 

40 0 

64 2 

1 00 

83 9 

60 

2 12 

28 8» 


Table II —Caibon C 


C 


00 


COO 

Candlss 

Volts 

Amp 

Beast 

YolU 

Amp 

Bet St 

Volte 

Amp 

Bosut 

4 

45 

0 86 

62 33 

34 

0 96 

86 79 

89 

1 16 

88 68 

10 

66 

1 12 

40 89 

89 

1 12 

84 82 

44 6 

1 88 

82 24 

20 

62 

1 28 

48 43 

44 

1 28 

84 87 

40 6 

1 68 

82 87* 


Now if we suppose the resistance of the carbon filament to depend 
on the temperature the resistance diminishing as the temperature 
moraases (though very probably not in simple proportion) and if (as 
we should do in the case of a metallio wiro) we use these resistances 
in order to compare the temperatures of the filaments at different 
candle poweis we are led to a remarkable result Taking the fila 
ment U and dividing the resistances of D DD and DDD at four 
oandloB by those at the higher candle powers we obtain numbers 
which may be looked on as ratios of condnotanoes and which may be 
taken as mdicating though not exactly representing corresponding 
changes in the temperature of the carbon 


Table UI 



* The two remits which appear last in these tables seen anomalous and (hsralbre 
I have not used them m my oaleulatio ns 
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The filament 0 gives oonfirmatoiy results, but unfortunately it 
seems to have broken down early in the condition COO. I find, 
however,— 

Table IV. 




0 . 


cc. 


coo. 


Comparing these numbers wo are led to the result that, if we admit 
the assumptions I have made, the temperature to which the carbon 
must be raised in order that it may give out light of a definite candle- 
power is higher when the surface is in the dull condition than when 
it is in a bnlbant metallic-looking state. 

This result was to mo so unexpected that I proceeded to test it 
directly by the following experiments:—Two glass tubes, similar in 
every respect, were constructed, contaiiung two precisely similar 
platinum wires cut from the same hank, which had been apeoially 
drawn for me some months before by Messrs. Hatthey and Johnson. 
One of the wires was in its natural bright condition, while the other 
was covered with the thinnest possible coating of lampblack, which 
was put on by passing the wire quickly and steadily throngh the 
fiame of a paraffin lamp. The oonstmotion of these tubes is shown 
in fig. 1. The platinum wire ab is kept stretched by two spiral 


Fio. 1. 



springs of copper, being silver-sol^red to two extremities of these 
tpings. Two loops 1 at the other extremities of the spirals pass omr 
two pieces of glass rod* gg, gg, which are passed in by side tubes, 
blown on to the main glass tube; and the spirals pull on tho glass 
rods. The ends of the side tubes are sealed up after the glass rods 
are in their places, with the exception of one, which is used for oon- 
neoting to the Sprengel pump, and is finally sealed when.a complete 
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Taounm has been mode Flexible ooppei oloctrodes ee are silver 
Boldorod to the loops at the ends of the copper springy and to 
multiple platinnm wires which arc staid into the glass tube at A 
and B 1 mo platinum wires are attached to tho mam wire and 
are brought through tho siles tf the glass tnbo and thise serve as 
potential testing electrodes Tho two tnbis and their fittings are as 
has betn said porfertly similar in eviiy respect except that one 
platinum wiie is covered with an extremely thin coating of lamp 
black 

The two tabes wort attache 1 to a glass foik and wore simnl 
taneonsly exhanstod with the Sprcngol pnmp down to abont two 
millionths of an atmosphere all tho well nndei stood pieeantions as 
to drying &l bemg carefully attenled to and they were then at 
the same moment sealed oft from tho pnmp The length of tho tubes 
AB IS 22 inches over all and the internal diamctoi of tho tubes 
J inch The distance between the potential electrodes pp is 15 inohea 
(38 I centimetres) The diameter of the platinum wire al is 0 022 
inch (0 0^99 centimetre) On testing the resistance of the two 
platinums between the potential electrodes cold and at tho same 
temperature it was found to be tho same for both to less than one 
one thousandth part of the resistance of either of them 

The tubes having been prepared as described alxive they were 
connected m parallel ore to a batteiy of six secondary cells in senes 
a vanable platinoid wire being added in senes with the tube con 
tainmg the bnght platinum in order to regulate its current and a 
rheostat designed for cairymg stioig currents was used to contiol 
the whole The connexions will be leadtly nndei stood from a glance 
at hg 2 

liio 2 



With the rheostat and the vanable platinoid wire the two plati 
nums were then brought to the some incandescence (as jndg^ by 
the eye) at vanons bnghtnesses from just visible redness up to nearly 
white heat, and the resistances of the platinums between the potential 
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•eleotrodes were meaanred by means of a high reoistaaoe reflooting 
galvanometer, suitably arranged, with shunt and mterposod resistance, 
for the purpose in hand 

The result of my experiments is to bear out completely the deduo* 
tion which I had made from Mr. Mortimer Erans’ num^ra; and to 
show that tho tempemtnre which produces, for example, the appear¬ 
ance of a certain red heat, is very much higher when the surface of 
the heated body is dulled than when it is bright as in a polished 
metal. I am not yet prepared to give a definite numerical com¬ 
parison; but in order to show that the difference of temperatures 
referred to amounts to many degrees of temperature, 1 may be 
allowed to give the following statement. 

The two wires being at tho same dull red boat, which from previous 
experience I estimate at perhaps 600" 0., in the ease of the bright- 
surfaced wire, the latioof tho resistance of the lamp-blacked platinum 
to the bright platinum was 130:93. Platinums differ very much as 
to variation of resistance with temperaturo; but in most specimens 
the resistance is doubled, when the temperature is raised from 0* 0. 
to a temperatui-e of from 300’ C to 400’ C.; and for any particular 
platinum wire the change in resistance is almost in simple proportion 
to the change in temperature From this statomont it may bo judged 
that the difference of temperatures lietween the two platinums, dull 
and bright, when giving out tho same light, was a great many degrees 
■centigrade. 

The difference of temperatures of tho two glass envelopes was also 
very striking. The glass tube containing tho blight wire was not 
even unpleasantly warm; while in tho case of the other it was so hot 
as to blister the skin of the hand; and in this connection it is to be 
remembere^feiat the voenum in the two tubes was the same. 

I propoB^iB soon as possible to continue this investigation and 
render it more complete. 


XXIV." Note to a Paper on the Blood-vessels of MusUlw Antare- 
tietu (‘ PhiL Trana.,’ 1886).” By T. Jbffbey Parkkb, B.Sc. 
Lond., Professor of Biology in the University of Otago. 
Comtnnnicated by Professor M. Foster, Sec. R.S. Beoeiv^ 
May », 1887. 

My attention has been called by a pemsal of Professor Milnes 
Marshall and Mr. 0. H. Hurst’s ‘Praotic^ Zoology’ (London, 1887),. 
to an omission in my descriptioa of the venous system. These authors 
desoribe and figure, in SeyUium eanieula (pp. 218 and 224) a traas- 
verse anastomosis, the inter-orbital linut, connecting the right and 
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left orbital ainnsea, sad rnnnuig in Uie floor of the alnill immediatelj 
candad of the pitnitaiy fossa 

I find that this anastomotio trunk is present in Muddua aniarotxoutr 
in which species, however, it hardly deserves the name of sums, 
being only 1 mm m diameter in a dog fish 1 metre long Its median 
portion IS situated, not in the actual cartilage of the skull floor, but 
m the thick perichondnnm of the pituitary fossa, where it lies 
immediately dorsad and candad of the arterial commissures w (fig 6, 
Plate 35) at their point of crossing Passing latorad on either 
side it pierces the cartilage of the cranial floor, and finally enters the 
orbit by an aperture placed just cephalad of the tngcminal foramen, 
and about 5 mm candad of the carotid foramen 

I doubt whether this can be the anastomotic trunk described by 
Bobm (see p 712), since it is not situated “deinfere les orbites ’ and 
can hardly bo described as " nn sinus plus on moms vasto 

The vessel in question ought to have been shown in the du^fram^ 
fig B (p 723) as a narrow trunk connecting the orbital sinuses (orbit • ), 
and should have been referred to in the general account of venous- 
anastomoses on p 722 


XXV ‘ On Rigor Mortis in Pish, and its Relation to Putrefac¬ 
tion By J C. Ewart, M D , Regius Professor of Natural 
History, University of Edmburgh Communioated by J> 
BxmDON Sanderson, PBS Received June 6,1887 

1 The Naiare of Bigor Mortu 

It has been long recognisod] that ngor varies not only 

in the time of its appearance, but also in its intensity It may be- 
woU marked and resemble closely a spasm, or so mdistinot that it la 
better compared to a stiffening than to a contraction of the mnaoles 
So much is this the case that it might be convenient to describe 
ngor as acoompanied with ooniraotion in some oases and with, 
stiffening in others I have often noticed that when ngor comes on 
immediately after the loss of musoula* imtabihty, it looks extremely 
like oontraotum, bat when it is postponed for days, by lowenng the- 
temperature or otherwise, it more dosely resembles coagulation I 
am inchned to believe that whether the ngor resembles a contraction 
or a mere stiffening depends on the condition of the nervous system 
If the coagulation of the myosin takes place at or about the same 
time as the death of the nerves, the ngor will to a certain extent 
be physiological, and simulate a oontraobon in the extension of 
the fins, the bending of the trunk, ito , whereas if the ooagnlatmn 
only seta in some hours, or it may be days, after the death of die 
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nerrei, the rigor will be purely pathological, and oonsiat of a mere 
fixing of the muscles in whatever position they happen to be. Another 
important consideration is what determines the time of appearance 
and strength of the rigor. lu some instances I have been unable to 
detect rigor, in others, it has appeared at ordinary temperatures, a 
few minutes after death, white in other cases it appeared from ton to 
twenty hours after death. Again in some oases it is extremely weak 
and of short duration, whilst in others it is well marked and pro* 
longed. It may be safely asserted that if all the nerves in a given 
muscle wore destroyed, that muscle would still pass into rigor. But 
although the rigor would probably set in were all the nervous ele> 
menta destroyed, the nervous system has apjiarontly considerable 
infiuenoe in determining the time of appeoronoo of ngor. Some 
physiologists seem to believe that the rigor comes on when and 
only when death has reached the muscles, by travelling m some 
oases hurriedly, in others slowly, from the eentral nervous system 
along the motor nerves. I hope to show that the longer the 
central nervous system continues to act, not only will the muscles 
sooner die, but the rigor will be the weaker and shorter, though in 
some oases from the arching of the trunk and extension of the fins, it 
may appear to be otherwise. 

Let ns suppose that two fish are instantaneously killed, the ou» 
in a vigorous, the other in an exhausted condition. In the former a 
considerable time will elapse before the energy of the muscles is 
exhausted, before the explosive material is all used up, while in the 
latter the muscles having already expended nearly all their energy 
during life, and little or no now pi^notive material having bem 
formed after death, they will soon die. Further, in the fish killed in 
an active condition, the muscles will give rise to a well-marked lasting 
rigor, whilst in the other it will be weak and of short duration. The 
result of artificial exhaustion is tho same as that of natural. If a 
rabbit is killed and immediately after death tho muscles of ono hind 
limb exhausted by an interrupted current, rigor sots m in the ex* 
hausted limb two to throe hours sooner than in the other. In the 
same way, if a fish is tetanised immediately after death, rigor sets in 
quicker than in another fish which has escaped stimulation. But 
farther, if two fish are killed and the central nervous system at once 
destroyed in one, but left intact in the other, rigor will be oonsidoiably 
later in appearing in the pithed fish. The explanation possibly may 
be that the central nervous system after death tends to exhaust the 
latent energy of the muscles by constantly stimulating them int» 
action; while, on the other liand, when the central nervous system is 
destroyed, the muscles are not stimulated into action, and there¬ 
fore their final passage into rigor depends ohiefiy on the tempera¬ 
ture and other surroundings. 
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2 Iho Ordinary Phenom&tia of Bigor in Fuh 
The changeH which take place before and during ngor will be best 
illustrated by the following expenmonts — 

(1) Physiological Tiaboratory Oxford 4th 1 ebrnary 1887,3 p ir —A 
largo actiYo porch {Perea fluvtatil g) was taken fiom the tank and laid 
on tho floor of the Laboratory temperature 48° F hor abont twenty 
minutes the pei oh it irregular mtorvils was voi y active bat tho move 
meats gradually diminished and abont thirty hie minutes after it left 
tho water nil movements had ceased and there was no response to 
mechanic il stimulation When stimnlated at 3 45 by induction 
shocks there was no rosponso nntil the secondaiy coil indicated 
16 cm * The muscular irritability gradually diminished and at 5 45 
there was only a slight response at tho break with the secondaiy coil 
at 0 cm At 5 50 the lowei yaw anl gill covers were neaily rigid, 
and the initability had quite gone m tho muscles near the root of the 
tail tho lust to survive At 60 the pectoial and dorsal fins were 
rigid and at 0 10 the ngor had extended as far as tho polvio fine 
At 6 16 the whole fish had passed into a pronounced ngor, tho 
mouth was open tlio gdl covers pro|ectod outwaids, all the fins were 
extended and owing to the shortening of tho muscles of the left side, 
tile fish (which uns 9 inches in length) was sufiiciently carved to form 
an arc of a c irole SO inches in diameter While the muscles remained 
imtable they wore neutral or amphichrmc but as the ngor extended 
from befoie backwards they became distmotly acid 

As soon as the rigor had set in the perch was placed under a bell- 
]ar in a porcelain dish containing sufiioient water to keep the skin 
moist At 10 1 M the rigor was still well marked, but next morning 
(5th Febtuary) at 10 A M the ngor had disappeared from the lower 
yaw, gill covers, and pectoial fins When placed vnth the convex 
side looking upwards, tho lateral onrvature of the trunk soon 
gave way and at 12 noon the whole fish, except about 1 inches at the 
tail end, was quite limp 

At 10 30 A H, the muscles in front of the dorsal fin were neutral, 
those behind distinctly acid, at 12 noon the muscles of the anterior 
half were slightly alkaline those near the root of the tail were still 
neutral Numerous bacteria were found in the layer of muscles lying 
around the body-cavity, and a few were found in the muscles nnder 
the skin m fiont of the dorsiJ fin, but no bacteria oonld be discovered 
either by direct observation or by cultivation in the muscles near the 
root of the tail 

On tho 6lh February putrid odours wore discernible, all the 

* A ipigle Darnell was need in tho pnmary ooil m the Oxford and two Smeee in 
the hidinburgh expenmonti 
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miuoleB were K^thng soft, and bacteria, plentiful m the mosoles around 
the body-oavity, were extending into the caudal rtgion 

In this case death occnned about 35 minutes after the fish was 
taken fiom the water muscular irritability disappeaied and ngor 
began to appeal 2 hours 15 minutes after diatli, the rigor was com* 
pletod in 25 minutes after it set in, and it hod vanished about 
21 hours after death 

(2) Zoological Iiahotalory, Edinburgh, 25th Ifaich, 10 ah— 
common cel (AnjuiUi mtljans) 18 inches in length was killed by 
knocking on the head At6 ph (8 houis aftet death) the whole 
trunk responded freely to mechanical stimulation and the heart was 
still boating At 10 a h of the 26th (24 huuis after death) there 
was only a fooblo lesponse to mechanicil stimiilatioii, but strong con¬ 
tractions were ptoduoed when the eloctiodes fiom an induction coil 
were applied to the skin,—the secondary coil at 15 cm At 1 i M the 
muscular uritability had slightly diminished in tho anti nor third, at 
6 P H it was still less marked, and at 10 A h ot tho 27th (48 hours after 
death), with tho secondary coil at voro, the muscles of tho antenor 
thnd contracted vciy slightly At 12 noon the muscles of the antenor 
5 inches gaie no response, but those of tho middle thud still oon> 
tiacted readily, and the muscular mitability increased towaids tho 
tail end Two houis afterwards (te, 52 hours after death) the 
greater poition of the antenor third had become ngid—the ngor 
beginning in the lower jaw and passing backwards ailocting the gill- 
covers and pectoral fins and then the mnsclos of the tiunk At 
4 p H the muscles of tho antenor portion of tho n^iddle third of tho 
eel no longer lespouded to electrical stimulation, and at 8 ph , the 
antenor half (about 9 inches in length) was ngid while tho posterior 
half still responded when stimulated—the strength of tho contractions 
still inoreasing from before backwards The muscles of the ngid half 
had a distinctly acid reaction, those of tho postenor half were neutral 
or very faintly alkaline—a narrow sono near the centre being amphi- 
oroio The muscles of the antenoi third immediately under the skin 
were neutial and contained no baoteiia, but those next the peritoneum 
had a few bacilli and micrococci, and were alkaline m reaction 

On the morning of the 28th (9 A h ) the ngor had all but dis¬ 
appeared from the antenor third, the middle third was quite stiff, and 
the postenor third, except near the tail end, contracted very feebly 
with the secondary ooil at rero 

At 1 ph ngor had passed from the antenor half, but the 
muscles of the postenor third were still imtable Tho reaction of 
the muscles in the autenor third was now slightly alkaline, and they 
oontained a few bacilli and mioroooooi similar to those found on the 
previous day in the musoles around the body-cavity At o P M only 
the terminal 3 mches responded when the electrodes were introduced 
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into tlie muscles, and the ngor was passing from the remamder of 
the middle third and making its appearance in the front portion 
of the posterior third At 6 p n the ngor had all bat gone from 
the middle third, and a weak rigor had set in in the posterior 
third At 8 P x (82 hoars after death) the whole eel was qnite 
limp—the ngor on thp postenor third having been weak and of short 
dnration The alkalme reaction increased from before backwards, to 
about 3 inches from the tip of the tail, where it was nential, and 
bacteria conld be detected in the muscles a little beyond the middle 
half Next mowiing (20 th March) all the muscles weie alkalme, and 
a few baotona were present even m the mnscles near the tail end^ 
and the ontenor portion was smelling slightly This cel was under- 
observation until the 13th April, when putiefaction had considerably' 
advanced While undei observation the eel was kept in water which 
vaned from 48—62“ F I may add that the blood and peritoneal 
fluid wero czammed immedi itely after death, and that though small 
bacilli wero fairly abundant m the lymph it was impossible to dis¬ 
cover any organisms m the blood In this eel the muscular in liability 
lasted m some of the muscles for nearly eighty two hours after death 
As a contrast to this above experiment, I may desenbo shortly 
another 

(3) On the 6th April, an eel, also about 18 inches m length, which 
was killed 1^ an eleotneal shock from a Holtz machiue, passed imme¬ 
diately into rigor—what might be called ‘ oataleptio ngor" The 
postenor half—m which there is no body cavity—was stonlised (by 
placing it for a shoit time in a 5 per cent solution of phenol) and 
then mtrodneed with the usual antiseptic precautions into a jai of 
stenbsed distilled water The ngor still (Jane Ibth) continues on 
this portion (the postenor half) of the eel, while the ontenor half, 
which -was introdnood mto a 5 per eent solution of phenol after the 
ngor had disappeared, is now quite limp and soft 

hrom these expenments it may be inferred that under ordinary 
oonditaons there is an intimate relation between loss of iiritability 
and the sotting mof ngor, and that ngor vanishes as the bacteiia 
invade the tissues 

3 The Time at which Rigor appears 

Under ordinary oiroumstances tiie setting in of iigoi in the vanona 
kinds of fish soems to depend on the amount of imtability of the 
muscles at death In all probabihty it might be possible to dis¬ 
cover when the ngor would come on by determinmg the amount 
of free acid in the muscles, in other woids, there is a relation 
between the appearance of the ngor and the amount of oatabolio 
material m tho mnscles at c^th This seems to vary in on unac¬ 
countable way, eg, if three two-year-old trout of as nearly aa 
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powble the same size, which have been Imng nnder as nearly a« 
possible identical conditions since the day of hatching, aro oaptnred 
at the same moment while lying qmetly in the comer of a tank, and 
allowed to die in the landing net, the ngor may appear in one (A) 
15 minntes after death, in another (B) 10 minntes, and in the third 
(C) 40 minutes after death We mnst suppose that this variation 
results either from the condition of the mnscles at death, or from the 
influence of the nervous system 

It at death the muscles of (C) contained (owing to the oxygenation 
of the blood continuing longer) less bye products than (A), it might 
be possible to undei stand why the time at which the ngor set in 
differed Again, if m (A) the nei vons system continued to prodnee 
muscular oonti actions longer than in (G), »i , kd to the more com¬ 
plete exhaustion of the muscles of (A) than (G), the diffeienoe might 
be easily understood It is of course difficult, if not impossible, to 
determine which (if eithei) of these explanations is tho correct one, 
but that they may both have some influence in the result may bo m- 
feired from the following facts (1 ) If two trout are taken from the 
w ater at the same time, and one is left with its gills freely open m 
the landing net, while in the other the gills are kept firmly closed by 
an elastic band, the one with the gill-oovei s extended will die, it may 
be 20 minutes before the other,* but will be 30 to 40 minutes later m 
becoming rigid, the reason apparently being that the closed gill-ooveis 
prevent the evaporation ftom the gill-ohamber, and the consequent 
increase in temperature and loss of function of the gill filaments 
(2 ) If two trout aie taken from the water at the same time, the one 
allowed to die in the landing net, while the other is at once killed and 
pithed, the ngor sets in in the former several hours (4—8) sooner 
than in the latter, « a , it is later in appeanng m the fish in which the 
brain has been destroyed 

Although in some oases it is difficult to account for the time at 
which the ngor sets in, fairly satisfactory explanations can be given 
in others It is well known that most fish can live for months with¬ 
out food In fact fish in confinement often appear to “ thnve ’* best 
when not fed, they are less sensitive and less liable to snfier fi om 
disease Even m a wild state fish seem to all but give up feedmg for 
weeks at a time, more especially dnnng tho spawning season, and the 
ohief difference between under-fed and wqll fed fish appears to be that 
m the former there is httle oi no gpowth, and the spawning period is 
delayed or the formation and maturation of the roe and milt are 
arrested But although many fish are capable of livmg for months 
without food in aqnaria, now and then one sickens and dies without 
any apparent cause. 

* This WM flnt pointed out to me by Sir Jamn ICsitland, Bart, when vwtmg 
the Howieton Fubery 
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Ab in wum-blooded animala which die before matnntj is reached 
from wasting diseases, the ngor soon appears and as rapidly goes, so 
in young fish which have been living in confinement, the ngor la 
oftra weak and evanescent 

Foi example, a young roach abont 6 inches m length, which for 
some hours had barely managed to survivo was killed, and, though 
carefully watched, it was impossible to detect any iigui, and equally 
impossible fifteen minutes after death to obtain any response from 
oleotno stimulation with the secondary coil at sere Agnin, as m a 
“ hunted hare ’ the ngor sots in rapi^y and is of shoit duration, so 
it 18 in a long “ playid * fish On April 14th a trout was chased for 
nearly half an hour before it was landed About 20 minutes after it 
was taken from the water, even although the brain was destroyed 
immediately after death, the muscular irritability had disappeared, 
and the rigor was complete befoie 30 minutes had elapsed with the 
temperatuie at 9 5° C Under ordmaiy conditions, if an active two* 
year old trout (& levcmnna) abont 9 inches in length is taken from 
the water and loft in the lauding not, it usually lies pcifectly still, 
only giving an occasional wnggle Dnnug the first few ramntos the 
bieathing movements are performed, but as soon as the fish lealises 
fully it IS out of tho water, the mouth and gilkcovers aro tightly 
closed—an instinct which fish display, whereby they hotter thoir chance 
of suiviving until they again perchanoo reach thoir native element 
In fiom 20 to 30 minutes, probably owing to tho muscles being ex* 
haustod, the mouth is opened and the gill covets are widely extended, 
and in a few minutob latei (5—10) tho fish dies If it dies m about 
26 minutes, the muscles will respond to mechanical stimulation 
10 minutes after death, and 60 minutes after death all the muscles 
will respond fitely to electrical stimulation with tho secondary coil 
at 15 om Qiadually tho muscles from before backwards lose their 
irritability, and hours after death, though the muscles near the 
tail still respond with the secondary ooil at 15 om , tho muscles of the 
lower 3aw will only respond when tho indicator is at sero, and 
2 hours after death only ^e mitsoles of the posterior half of the trunk 
retain their irritability At 2^ hours after death even the caudal 
muscles require the secondary ooil at 12 om , 10 minutes later at 
8 om, and in 15 to 20 minutes more (about 3 houis after death) only 
a &mt response is obtapied with the secondary coil at zero Two 
hours allei death—before muscular irritability has gone from the 
caudal muscles—^the musoles of the jaw become rigid and the stifien- 
ing extends backwards, overtaking the gill covcis, the pectoral, 
dorsal, and pelvic fins and one myotome after, until the ngor is 
complete 

The time lequiied is never the same, but on an average tho ngor 
IS aeoomplished m a trout allowed to die m a landmg net, and 
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kept afterwards in the air at a temperature of 9° C., in from 1 to 
1| hours—8 to hours after death. When a trout is taken from the 
landing net immediately after all signs of life have gone, and placed 
in water at the samo temperature (9°C ) the irritability oontinuea 
about 10 minutes longer, and the rigor is from 15 to 20 minutes later 
in sotting in When the temperature is raised to 15* C. the imta> 
bility goes, and the rigor appears in from 20 to 80 minutes, and 
reaches the caudal muscles about 45 minutes after death. At a tem¬ 
perature of 25* C. thongor may set in in 15 minutes, and be complete 
in about 25 minutes after death, while at a tempemture of 30* rigor 
often comes on in the trout 5 minutes after death, and Tiiiiibhes 15 or 
20 minutes later. At a temperature of 38° C heat rigor at once sots 
in. As tho temperature is lowered the rigor is lati-r in making its 
appearance, and a considerable period elapses between the loss of mus¬ 
cular irritability and the setting in of rigidity. At low temperatures 
it is often extremely difficult to say at what time the stiffening begins. 
A trout in water at 1* G scemesl to pass into ngor about 28 hours after 
death; at —1® C. th«‘re was no distinct rigor 30 hours after death, 
but well-marked stiffness 10 hours later, but at lower temperatures 
(—7® to —20® 0.) neither rigor nor stiffening could be detected in 
four trout which had been respectively 2, 3, 4, and 6 days in the 
freezing mixture. Further, trout which had boon subjected to a tom- 
pen^ure below —7® C. never stiffened, ovon when introduced imme¬ 
diately after thawing into water at a temperature of 25° C 

Judging from the above and other oxpurimunts, it seems that 
raising the temperature either before or uftor death has tho same 
influonoe as muscular or nervous oxhaustion in hasteumg the rigor. 
The incressed temperature quickens all the chemical and other 
changes, and thus leads to the rapid and all but complete destruction 
of the oatabolio material stored up in tho muscles. On the other 
hand, cold either diminishes or arrests the metabolic changes. At a 
temperature below freesing point the mnseles contract, even when 
stimulated less quickly, and hence they long retain almost nnaltered 
the contraction-prodncing material which happens to be present when 
death sets in; so that when tho rigor eventually appears it, as already 
mentioned, more resembles a mechanical coagulation of the muscles 
than a strong contraction. It is diffioult to dotennine whether the 
rigor, which appears at a low temperature (5° to —1° C.), is really 
stronger than the rigor that oomes on at a high temperature. When 
a trout, in which the rigor has set in at a temperature of 2“ 0., is 
placed in water at a temperature of 25° C., stiffening vanishes in 
about the some time as it would bad tho rigor set in at a temperature 
of 20® 0. 

The intensity and duration of ibe rigor which follows death in 
warm-blooded animals from lightmng has been again and again 
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diacnssed Tt u stated bj some that ngor nerer appears, whilst 
others assoit that the ngor which follows death by lightning u often 
well marked and of considerable dnrahon From experiments made 
with fish it seems that in some cases the rigor may be instantaneons 
and well marked, oi it may appear some time after death and be of 
short duration, whilst in others it may resemble closely the ngor that 
sets in after death fiom ordinary causes When a trout receives a 
sufficiently strong elootno shock it is instantaneonsly killed, and at 
the same moment thrown into a well-marked tetamio spasm which 
passes directly and almost imperceptibly into rigor A tront abont 
10 inches in length which received a strong shook* by placing one 
electrode under the left gill ooier and the other (a chain) ronnd the 
tail, was thrown into a pronounced spasm which closely resembled a 
heat ngor, the lower ]aw was depressed, the gill covers widely opened, 
the fins fully extended, and the trank stiongly arched Aftw the 
shock the gill covers and tail qnivered two or three tunes, and in 
about five minutes the muscles lost their untabibty, and in those 
mmntcs more were strongly acid Ten minutes after the shook the 
fins became if possible moie extended than before, this farther 
extension indicating probably the passage of the tetanic spasm mto a 
tme ngoi 

In all the expenments when a sufficiently strong onrrent was used 
the result was the same, bat on several occasions, though the onrrent 
was strong enough to cause death, the muscles recovered from the 
tetanio spasm and ngor set in abont one hour and twenty minutes after¬ 
wards On otbei oicusions, though the fish was thrown into a strong 
spasm and seemed dead, theie was in fiom ten to fifteen minntes com¬ 
plete lecovery When fish, which had not only been killed by the 
shock, but had apparently also passed into a strong ngor, received 
several additional shocks not later than thirty minutes after the first, 
the ngor disappeared, and although the muscles failed to recover their 
imtabihty, ngor did not agam set m for nearly an hour This seems 
to confirm what has already been observed by othc^ that ngor np to 
a certam limit may be broken down and kept at bay for some time 
The breaking down of the ngor may be accounted for by supposing 
that only a certain proportion of the fibres had stiffened, or that 
coagulation had been mcomplete It was especially noticed that 
when the muscles recovered f^m the first tetamo spasm in fish which 
had been killed, it was impossible to bring on a second spasm suffi-' 
ciently strong to pass directly into ngor, and farther that the spasm 
which appeared in fish stimulated after death was never so well 
marked as in fish which were simply under the influence of etbei 

* A Holtr maohme wu lued, sod the jar was 81 inohM m diameter with eoatin^ 
18 inohes high 
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NeverthelflH, when both the bnun and spinal oord had been de> 
stroyed, the spasm was snffioiently strong to pass directly into ngor, 
showing that however mnoh the peripheral nerves were oonoemed, 
** cataleptic ngor ’ was possible without the central nervous system 

It has always been extremely difficult to account for partial cata¬ 
leptic rigors, such as sometimes occur in the battlefield from gunshot 
wounds It has been supposed by Falk and othois that those obscure 
ngors result from injury of the spinal oord I bad no difficulty m 
producing partial ngors in fish, « g , when one electrode was intro¬ 
duced into the brain of a fish, and another into the muscles half along 
the lateral line, the antenor half of the fish was thiown into strong 
ngor, from which there was no recovery while the lest of the fish 
remained quite limp for five hours after death Before the postonor 
half of the fish had become stiff, the ngor had all but disappeared 
from the antenor half the postonor half remaining ngid foi nearly 
twelve hours In the same way, in a fish in which the bram and 
spinal oord had been destroyed the postonor half could be thrown 
into ngor which almost vanished before the antenor half became ngid 
Hence we may suppose that in partial ngor a strong tetanic spasm 
has been produced directly influencing the muscles, or by injury of 
the nerves or the nerve centres by which a parbcnlat group of muscles 
IS controlled I may mention that in several instances the eleotno 
current was seen to flash along the surface of the skin, and that when 
this happened there was often marked pigmentation of the one side, 
while the othei remained pale and farther the muscles under the 
darkened skin were often quite rigid, while those under the unaltered 
skin remained for a time elastic and extensible 

The influence of Foradaio currents and of often repeated continuous 
currents was very marked A trout, eg , in which after death first 
tile brain and afterwards the spina! cord were stimulated, was thrown 
into spasms which became weaker and weaker until 10 minutes after 
death, no response was obtained In this case the ngor set in 20 
imnntes after death, and 20 minutes later it bad extended to the 
caudal mnsclea The appearance and nature of the ngor were 
always directly related to the previous exhaustion produced m the 
muscles 

The effect of animal electncity seems to correspond to that of 
ordinary electncity, except that in fish killed by electncity from 
eleotno organs the^mgor seems later in setting in For example, in 
two small roach killed by the eleotno eel {Qynvnotue eleetrtciu) in the 
insect house of the Zoological Gardens, London, on the 2lBt March, 
and kept under observation in water at a temperature of 45° F, n6 
distinct ngot had set in twelve hours afterwards * Two roach killed 
on March Slot about 5 p v, after *receiving numerous weak shocks 
* I am indebted to Ur Bomanei for making this obferroticn 

VOL XLU i K 
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from the apparently exhanated eleotno organs, began to stiffen 10 
hours afterwards, and were qnite ngpd 11^ hours afterwards, the 
temperatnre varying from 60—44“P On the Srd April two other 
roach were “ stmclc ” when the fish was vigorous, one was killed by 
the first shook, the other after receiving two shocks, and both were 
qnite ngpd 5^ hours afterwards Wo thus see that the setting in of 
the ngor is related to the strength of the shock received, but that 
even when the shook is strong enough to cause instantaneous death 
the ngor is delayed for several hours Tho advantages of being able 
to kill the fish instantaneously without producing immediate ngor is 
evident enough It would be often uncomfortable if not impossible 
for Qymnotus (and still more for the small-mouthed torpedo) to 
swallow a fish in strong ngor, and yet unless the fish were sufficiently 
numbed ” they would loadily escape from their slngguh destroyers 
It may be mentioned that a trout which had been pithed immediately 
after death and placed in artificial gastno juice at a temperature of 
100 ° F, became ngid in less than a minute, and the ngor com¬ 
pletely disappeared 35 minutes later A similar fish in water at the 
same temperature became at once rigid, but the ngidily persisted 
foi an hour and ten minutes 

Expenments were made to determine the influence of acid, alkaline, 
and other solutions in bnnging on and keeping back ngor Salt 
solution, as is well known, prevents ngor setting in m proportion to 
its ooming into contact with the muscles Alkaline and septic solu¬ 
tions seem to have no influence either way, while acid and oorrosire 
solutionB 60cm to hasten its appearance, but the latter only to a limited 
extent Generally speaking, whatever tended to influence the ngor 
influenced the irntability of the muscles, but at low temperatures 
there was no relation between the disappearance of the imtabikty 
and the setting in of the ngor The muscles lost beyond recovery 
their imtability in tho trout when the tempenture was kept for a 
few minutes at — 70° C , but while this temperature was mamtained 
ao ngor appeared, and, as mentioned above, fash which were kept 
nnder —70° G for several days never became ngid when removed 
from the freezing mixture, m some oases, however, they seemed to 
become slightly firmer—the oontmued freesmg probably so alters the 
tissues that the usual coagulation or stiffenmg is renderad impossible 

4 The Duration of Rigor. 

There is, as generally believed under ordinary oircumstaaoes, a 
close relation between the duration of a ngor and the time at which 
it sets in, le ,if a ngor sets in half an hour after death, it is not likdy 
to last long, while if it appears twelve hoars after death, there is a 
probability that it will continue for several hours On the other hand, 
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there does not seem to be nsnally an intimate relation between the 
apparent intensity and the dnration, for a short-livod rigor prodaoed 
at a high temperature may look most prononnood, while a fish 
in a etrong rigor (which may last for twenty-four hours or more) 
has often neither the gill-oovers nor fins extended, nor the body dis< 
tinotly arched. We must suppose that there is some relation between 
the dnration of the rigor and the condition of the muscles when it 
sets in. If before the rigor appeal's the latent energy of the musdles 
has been all but exhausted, either before or after death, naturally or 
artificially, the rigor though well marked will be of short duration, 
while on the other hand if a considerable amount of rigor-prodnoing 
material is left when the stiflening supervenes, the ngor, though not 
strikingly resembling a tetanic spasm, will be more mtense and more 
persistent. 

As the rigor comes on, all the muscles shorten (or contract), the 
extensors usually overcoming the flexors and the muscles of one side 
(or probably the red muscles of one side) overcoming the muscles of 
the other, and thus leading to arching or lateral curvature of the 
trunk. This curving is sometimes so intense that a fish 10 inches in 
length may form the arc of a circle little over G inches in diameter. 
Up to a certain time after the ngor sets in it may, either by electrical 
stimulation or mechanically, be broken down, not once, but several 
times; but the of toner the coming on of the rigor is interfered with, 
the final rigor is the weaker and the loss persistent. Apparently at 
ordinary temperatures there is a regular order, not only in the stiffen¬ 
ing of the vanous groups of muscles, but also of the various bundles 
of the individual muscles. If this is the case, the alternate appear- 
anoe and disappearance of the rigor may, as already indicated, be 
aooonnted for by saying that when a partial ngor is broken down, the 
stiffening of certain muscles or portions of muscles has been arrested 
or destroyed, and when the rigor sets in again new muscles or muscular 
bundles ^ve stiffened, while those in which the rig^r had previonaly 
appeared either remain limp or have their rigfidity completed. When 
rigor which has been fully established in isolated muscles or groups 
of muscles is destroyed, it never reappears. I have not yet succeeded 
in recording in a satisfactory manner the strength of the rigor under 
different conditions, but from the results already obtained, it appears 
the more rapidly the rigor comes on the more closely it resemUes an 
ordinary muscle contraction. 

A comparative table showing the changes which take place in the 
muscles of different aninuds at different temperatures while the rigor 
is ooming on and going off wonld be very instructive. It may be 
mentioned that in fish, as in other vertebrates, as the rigor cornea on 
there is a rise in temperature, and the reaction changes often 
rapidly from slightly alkaline or neutral to distinctly acid. In a 

2x2 
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trout about 10 mobea in length the temperature during life wa* 
10 16° C, the temperature of the water being 9° 0 , and the air 9 3° C 
After death the temperature fell to 9 5°, but ae eoon ag the ngor had 
Mt in, the temperature of the muscles rose rapidly, reaching when the 
ngor was all but completed 10 3° C Ten minntM after the ngor had 
been completed the temperature was 10 2° and it gradually fell until 
it reached 9° G, forty hvo minutes after the maximum had been 
reached In this fish ngor began to disappear two hours after death, 
and as the i igidity yanished the temperature again rose, being 10° G 
three horns after death, 10 05° when the ngor four hours after death, 
had vanished from the antenor third of the fish, and 10 03” when only 
the muscles of the tail continued ngid, when the fish became qmte 
limp, BIX hours after death the temperature was agam 9° G As 
putrefaction proceeded the temperature again rose to 10° G , and it 
vanod between 9 5° G and 10* G for two days, after which it was 
tile same aa the temperature of the laboratory The acidity increased 
as the ngor came on, and then gradually diminished until the mnsolea< 
were neutral As putrefaction advanced the tissues became decidedly 
alkaline 

The ngor is leaat persistent m fish which die in an exhausted con¬ 
dition at a high temperature If an exhausted trout is plaoedf 
immediately after death in water at a temperature of 35° G , ngor 
appears in from 3 to 10 mmutoi and disappears in from 15 to SO 
mmutes, t e, at the most 40 minutes after death 

If a trout IS killed and pithed and then mtroduced into water at a 
temperature of 35* G, the ngor appears in from 10 to 15 minutes, 
and persists from 50 minutes to 1 hour In a fish treated m the same 
way at a temperature of 25° G, ngor appears in from 60 to 65 mmutes, 
and persists for 2^ to 3 hours, while a similar trout placed in water 
at 15° G does not begin to stiffen for 5 hours, and the ngor may only 
be completed 7 hours after death, and begin to pass off almnt 20 honra 
after death The nervous system has doubtless considerable mflnenoe 
m determining the length of the ngor, as it has in deoidmg its tuna 
of setting in If an active trout (A) u carefully captured and allowed 
to die in the landing net, which when undisturbed it usually does 
without a struggle, and if when all signs of life m (A) have vanished, 
a second trout (B) is secured and at once killed and the bram and 
spinal cord destroyed, in (A) the ngor may begm to disappear 2 hours 
after it has been completed and may only last altogether 7 or 8 hoars, 
while m (B) it may last at least 24 hours When the bram only is 
destroyed it disappears from 1 to hours sooner, the temperature 
being from 9—10° G 

The difference of the duration of the ngor in fish which are 
allowed to die and m fish which are knocked on the head or ha% e both 
bram and spinal cord destroyed is well marked at all temperatures above 
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■6* 0 , bnt at temperaturea below 6* 0 the difference la leaa evident, 
the cold aervmg either to paralyae the nervous system or to prevent 
the mnsoles responding to the weak stimnlations wh oh reach them 
If two fish, one (A) with bram and cord destroyed, the other (B) 
with both intaot (B having been allowed to die slowly in the net), are 
placed in water at a temperature of 25° C , tho ngoi in (A) persiata 
for to 3 hours while in (B) it vanuhes in 1, to 2 honrs If two 
similar fish are kept nndoi observation at a temperature of 5° C , in 
the pthed specimen the ngor may last three days, while in the other 
it may not last 48 honrs As it is impossiblo to suppose any vital 
ohanges take place after the ngor appears, its duration must depend 
on the condition the mnsoles are m when they beoonio iigid, so that 
we mnst account for ngor in pithed fish persisting longer than m fish 
allowed to die natnrally, in the same way as wo account for ngor 
settmg in at different times in fish differently tieated 

There is little to add to what has been already said as to the 
influence of tempotatnre m ditving off or mauitaming rigor In 
unpithed fish the ngor at a temperature of 85° 0 may only last SO 
minutes, at 25* C it may last 5 hoara at 15° G it may persist for 
24 hours, at 10° G 86 hours, at 5° C 46 hours at 1° 0 three 
days At — 2° G it continues nnohanged for an indefinite time On 
the other hand, in fish which after the i igor had sot m wore kept for 
several days at a temperature between — 7° G and — 20° G, the ngor 
disappeared before tho thawing was completed 

Perhaps the ngor was destroyed I7 alterations produced in the 
muscular fibres during freering It was certainly not owing to the 
direct contact of the salt and ice freesing mixture, for the same 
results were obtamed when fish were frosen in air and in fresh water 
u stoppered bottles That the rigor persists until the fish are thawed 
doM not seem probable, because it persists for some time after thawing 
in fish which have been for ten days at —2* G and true rigor never 
•appears in fish which have been kept for several days below — 7° G 
The duration of ngor which occurs after death from an electric 
•shook vanes considerably, the variation evidently depending either 
on the direct influence the chaige has had on the muscles or on tiie 
oondition of the central nervous system after the shock In a trout 
which was killed and thrown into instantaneous cataleptio ngor 
at one and the same moment, the ngor began to disappear from 
tile jaw and gill covers 7^ honrs afteiward^ and 16 hours latex 
Jt had completely passed off In another treat in which only 
the antenor half was stimulated, the rigor had paas^ off 9 honrs 
bfterwards, about 3 hours after the ngor appeared m the pos- 
tenor unstimulated portion Gonversely when the shook was 
passed through the posterior half of a trout, the ngor oontmued 
tttatil 8| honrs after death, while the ngor in the antenor half. 
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which was completed 6 hours after death, lasted 11 hours, the 
order of appearance and disappearance m this case being praoticallj 
reversed 

In a trout, in which one electrode was in contact with the skin 
while the other was m the wa^or, the fish was thrown into a strong 
spasm, but not instantaneously killed The skin of both sides behind 
the point of contact of the electrode (which was near the head) 
became deeply pigmented, the ]aws and gill covers continued to 
move at intervals for 30 minutes, after which there wore no signs of 
life The tetanic spasm seemed to pass off to a ceitam extent, but 
as soon as the gill covers stopped acting the musculai iiritabihty 
was lost, and a strong ngor set in which lasted foi nearly 15 hours 

Another trout, which was totamsod and killed by an electiio shook, 
recovered from the spasm and passed into a ngor 2^ hours after¬ 
wards, which only lasted 7 hours 

Another trout, which was killed, but not permanently tetanised by 
the first shock rect ivfcd seven other shocks, some of them of great 
intensity In less than an hour after the first shock ngor set in, but 
it was of short duration, fur in 20 minutes after the sbffemng 
appeared the jaw and gill covers were relaxed, and the whole fish was 
soft and limp 1^ hours after death 

It may be taken foi granted, from tho exponmonts made, that the 
prolonged ngor of pithed fish is closely related with the destmotion 
of the central nervous system, but it does not necessarily follow that 
the strength of the ngor in hsh, instantaneously lalled and stiffened 
by on electrio shock has tho same explanation It is doubtless 
possible that a single strong shock may, by destroying the nervous 
apparatus, produce the same results as pithing, but it is also possible 
that the appearance and duration of the ngor in fish killed 
electncity may be largely influenced by ohemieal changes in the 
muscles 

Tho observations made as to the appearance and duration of ngor 
m the trout have been confirmed by control oxpenments on other 
fish It will be sufficient in the meantime, to refer to the behaviour 
of the perch (Peroa flumattlui), roach {LeueuouB ruttlua), and eel 
{Anguilla vulgartt), under conditions similat to some of those above 
mentioned 

In a roach, which died m an exhausted condition, there was no 
response to mechanical stimulation, and 80 minutes after death only 
a weak response at break, with the secondary coil at 0 0 cm It was 
almost impossible to say either when the ngor set in or disappeared, 
and four hours after death the muscles of the trunk were alkaline, 
and contained baotona A similar roach, which was killed by a blow 
on the head and afterwards pithed, responded freely to meohomoal 
stimnlation for 1 hour and 20 minutes At first the movements wwe 
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Tigoroas, e.g., when held in the vertical position half an hour after 
death, all the swimming movements were repeated At 1 hour and 
40 minutes after death the muscles rcspondeil with the secondary coil 
at 15 cm., and they still responded 9 hours afterwards with the 
secondary coil a|{i 0‘0 cm. Soon after the irritability of the muscles 
was lost, rigor set in, and extended slowly backwards without produo* 
ing very marked oxtension of the fins, and was completed about 
19 hours after death. The ngor persisted unaltered for 11 hours, 
when it slowly vanished m the same order as it appeared, leaving the 
anterior two-thirds of the fish quite flexible about 8(3 hours after death, 
but remaining in the posterior third for nearly 7 hours longer. The 
temperature in both oases varied &om ll" C. to 12° C. 

When a somewhat exhausted roach was placed in water at a 
temperature of 35* C., the muscles rapidly lost tlicir irritability and 
the rigor set in 30 minutes after death, was well established in 45 
minutes, and was disappearing 2 hours after death, and quite off 
2 hours 45 minutes after death. 

At a temperaturei of 20° C. the rigor set in 1 hour and 30 minutes 
after death, and had all but passod off 4 hours after death. At 
a temperature of — 1° 0. the ngor came on extremely slowly. On 
placing several roach in water at a tompei'atnro of —1° C. and taking 
them out at intervals, I came to the conclusion that in small roach the 
ngor set in between 24 and 27 hours after death. In roach which 
had been m water at a temperatni-e of — 1° C for 9 days, the rigor 
persisted for several hours after tiiawing, even when this was done 
veiy slowly. In the perch, generally speaking, the irritability of the 
muscles lasts longer the later the ngor is m appoan'ng; e y, in a perch 
about 11 inches in length, which had boon killed and pithed, the muscles 
were slightly irritablo 13 hours after death, and the rigor was only 
fully establi^ed 9 hours later, and it had only disappeared from the 
anterior two-thirds of the fish 48 hours after death. But even a 
vigorous perch, if allowed to die in the usual way, may lose its 
muscular iintabihly and pass into rigor 2| hours after death, and 
become flexible ogam 16—18 hours after death, at a temporati^ of 
ll-6° C. 

5. The Diiappearanee of Rigor. 

It has long been admitted that there is some relation between the 
disi^pearanoe of rigor and the beginning of putrefaction, that in fact 
putrefaction assists in driving away tho rigor. While endeavouring 
to discover a simple means for proserving fish in a fresh condition 
last autumn, it ooonrred to me that there might be a closer relation 
between rigor and putrefaction than had hitherto been determined, 
and that it might in fact be possible to prevent putrefaction by main¬ 
taining the post-mortem rigidity of the muscles In order to asoer- 
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tain what gronnd there was for entertaining this notion, I proraeded 
to stndj the ongfh and nature of ngor m fleh and other animala 
At a yery early stage I learned that the longer the ngor lasted the 
longei putrefaction was delayed, and also that pulrefaotion set in 
quicker m fish in which there was a large amouqt of putresoihle 
matter in the alimentary canal, than m hah in which the alimentary 
oanal waa practically empty For studying the relation of bacteria to 
the disappearance of ngor, I at the outset used sea fiah, but afterwards 
trusted chiefly to fresh water forms, owing to the great difficulty 
in obtaming haddock and other fish m a perfectly vigorous condition 
I soon observed that haddocks and whiting which were knocked on 
the head when captured (after the manner long practised by the 
fishermen who send “hvo” cod to Billingsgate) were longer in 
stiffening than hah which were left wng^ling as long as their energy 
lasted in the hold of the boat Latet I found that the ngor per¬ 
sisted longer in haddocks and whiting which were gutted immediately 
after capture than in ungutted fiah If, eg, we take six haddocks 
fabont the same size and oaptuied on the same fishmg bank at or 
about the same tune) and, (1) leave two (Senes A) to die m the 
usual way (temperature 7—8* C, (2) kill two (Senes B) by 
knocking on the head and then pith, and (3) kill the other two 
(Senes 0) and both pith and gut, in Senes A the ngor may 
appear 10 minutes after death, but in B and C it may not set 
in for 2 or 8 hours Farther, in A the ngor may have disappeared 
from the trunk (the portion oo-eztensivo with tho body-onvity) 
10 hours after death, while in B it may persist foi 13 hours, and 
in G for 20 hours, and while A might be quite limp 21 hours after 
death, B might continue ngid for 25 hours and 0 for SO hours after 
death 

It may be taken for granted that ngor results chiefly from the 
formation and coagulation of myosm, and farther, that the intensity 
of ngor depends on the amount of myosm foimed in the vanous 
mnsoles If nearly all the myosm-forming matenal has been used 
up bqforo ngor appeals in producing musonlar contractions, compara¬ 
tively little myosm will ^ formed, while m fish which have been 
pithed (if pithing diminishes the muscular contractions) there will be 
(except when the ngor is greatly delayed, as in the tail of the eel) 
snflhnent material left to admit of a considerable amount of myosm 
appearing m the substance of the mnsoles 

But after all the sauount of myosin formed in any given muscle 
accounts rather for the firmnae of the muscle dnnng the ngor than 
for the dwrcUion of the rigidity Why does the myosm not oontmne 
unchanged P Why does it not, as it were, liquefy P And why does the 
ngor persist not only longer m some fish than m others, but also 
longer m some ports of mdividnal fish than m others P 
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Experiments show that the rigidity is easily overcome (1) by 
alternate flexion and extension; (2) by raising the temperature; 
(3) by freeaing; (4) by the action of acids and alkalies; and (5) 1^ 
means of organisms. That this last oanse is moie important than 
all the others put together might, perhaps, be inferred from the 
&ot that in fish in which bacteria abound in the tissues at death, 
either no rigor or a very weak one makes its appearance. This 
inference is confirmed by the following observations and experi¬ 
ments. (1.) A septic solution was injected into the right femoral 
artery of a newly killed rabbit, the ngor, though it appeared about 
the same time in the right limb as in the loft, disappeared much 
quicker from the right (2.) A large roach was killed on the 4th 
February and at once gutted. The muscles of the right side, imme¬ 
diately in contact with the peritoneal lining, were inoculated by 
septic bacteria (introduced by pricking the peritoneum with a rosette 
of needles fixed in a piece of sealing-wax) and the peritoneum covering 
the left side of the body-cavity was washed with a solution of 
corrosive sublimate (1 in 10,000) The rigor was to my surprise 
equally well marked on the two sides; but 24 hours after death, 
when the rigor began to disappear, the right side became limp about 
24 hours before the left, and 86 hours after death the muscles of the 
right side wore soft and beginning to putrefy, while those of the left 
were still firm; further, a piece of muscle taken from under the skin 
of the right side opposite the anterior margin of the dorsal fin swarmed 
with bacteria, while a piece of muscle from a corresponding point 
on the left side contained comparatively few bacteria. (3.) Roach 
and trout, which were gutted immediately after death, and dipped for 
a time in solutions of phenol (5 per cent.) and corrosive sublimate 
(1 in 1,000), and afterwards introduced into sterilised water, retained 
their rigor unimpaired for an indefinite time. Whenever the fish, 
however,'were transferred from the sterilised into ordinary water, 
rigor began to disappear—the passing off being always accelerated 
when organisms were introduced into the water, or when the tempera¬ 
ture was raised. Believing the rigor in the above fish might be 
mere stifiening produced and maintained by the action of the phenol 
■nd corrosive sublimate solutions, I introduced fish from which the 
rigor had beeu driven off by heat into similar solationa of phenol 
and oerrosive sublimate, lamp fish treated in this way never became 
stiff—the natural firmness of t^ fresh muscles was simply maintained. 
(4.) Eels which were thrown into instantaneous rigor by strong 
electric shocks behaved in the same way. The posterior half of a 
large eel (the part behind the body-oavify) in oataleptio rigor was 
placed in phenol and then in sterilised water on the 8th April A 
similar portion was introduced on the same day into sterilised watw 
sfter the skin had been rendered aseptio by oorroaive sublimate. 
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Both gpeoimenB are still (Juno 16th) m well marked ngor, and m the 
muBcles noar the out surface 1 have heeu unable to detect anj bacteria^ 
and the reaction of tho mnecles is still slightly acid 

These and other experiments justify the oonolusion that ngoi, 
under ordinary circumstances is m all probability driven away I 7 
putrefactive organisms One of the most remaikable changes which 
aocompanios tho disappearance of ngor is the change ot reaction of 
the mubcloa fi om acid to alkaline As soon as the ngoi begins to 
lose its hold the acidity diminishes, and gradually or rapidly dis* 
appoara for a time the muscles are neutral but sooner or later they 
are distinctly alkaline The mnsolos aiound tho body cavity become 
alkaline first, from these muscles the alkalinity extends outwards 
towaids tho skin and later extends into the mnseks of the tail but 
in Bomo cases a long interval elapses between the appearance of the 
alkaline reaction m the sub pciitoneal muscles and tho myotomes 
situated behind the body cavity A point of considerable interest is 
that the reaction of the muscles under the skin posses fiom acid to 
alkaline before they are invaded by bacteria This can be readily 
proved by introducing into a culture medium a fragment of muscle 
from under the skin of the tiunk from which the rigor has just 
gone and which is already faintly alkaline and as a test experiment 
a amiilai fragment from under the pciitoneum from a point as neaily 
as possible opposito wheie the first was taken In the hitter case 
bacteria rapidly appeal, while no baeteiia(if all the necessary coudi* 
tions havu been obseived) will appear in the formei By a senes of 
experiments 1 have proved that while weak sulntions ot hydroohloiio 
and sulphuric acids are incapable of pieventing the putrefaction of 
fish, they have the power of airesting or at least greatly retaiding the 
development of ordinary bactena Seeing that the alkaline wave 
radiates from around the body cavity in advance of the bacteria, it is 
extiemely likely that the one results from the presence ot the other 
In tact we may, nntil farther expeiiments have been made, suppose 
that ngor disappears in the presence of a species of fermentation, 
that the bactena which 1 each the tissues from the body cavity manu¬ 
facture ferment like snbstances, which as they diffuse through the 
mnsoles dnve the rigor before them, adaptmg the tissues on the 
way for the suitable reoeption and nonnshment of a crop of putre¬ 
factive bactena in much tho same way u the husbandman breaks up 
and otherwise prepares the soil before sowing hia com In all pro¬ 
bability the durauon of the ngor partly depends on the readmess 
with which the tissues can be made alkaline, and partly on the 
amount of meohanioal obstruction the bactena have to overcome in 
the mnsoular fibres It is well known that gelatue and other 
onltnre-media, when slightly amd, or when too much dned, are 
tendered for a time altogether unsuitable for the oultivatuin of 
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oertain bacteria. In the eame waj the mneclos of certain fish, either 
beoanae of their peonliar chemical composition, or beoanse of the 
peculiar disposition and stractnre of the tissnes composing them, lend 
themselTee less readily than the moscles of others to the invasion of 
the putrefactive organisms. It is well known that at even compara¬ 
tively low temperatures fish rapidly putrefy when the atmosphere is 
loaded with moisture, and that when the atmosphere is dry even at 
fmrly high temperatures putrefaction is comparatively slow, and as 
dried gelatine is protected from the attacks of most organisms, by 
diying fish putrefaction is arrested generally in ratio to the complete¬ 
ness of the desiccation. 

It is scarcely necessary to point out the practical bearing of this 
inquiry. 

In fish putrefaction, when it once sets in, proceeds much more 
rapidly than in other vertebrates. This being the case, fish should 
be used as soon as possible after the rigor disappears. Inspectors 
of fish markets and fish dealers have various cmpincal tests by which 
they beliere they are able to determine whether fish aie or sie not fit 
for food. They especially trust to the colour of the gills, the fii-mness 
and oolonr of the muscles, and the nature of the odour. As a matter 
of fact, it is often almost impossible to say whether a fish is or is not 
fresh after the rigor has disappeared. There is often n pause in the 
putrefactive process (caused probably by the first crop of bacteria 
being destroyed by their own byo-products). For this reason it is 
desirable fish should be used as soon as possible after the rigor has 
vanishod, and that fish, intended for preservation (it matters little 
how), should be treated, if possible, while the rigor lasts 

I have made numerous experiments with ice for preserving fish. 
It is generally alleged that fish which have been presepved for some 
time in a frosen state have lost much of their flavour. This I find 
depends partly on when the freosing is effected and partly on the 
temperature maintained. Fish which arc frosen after the rigor haa 
gone have either veiy little flavour or they are tainted with offensive 
septic products. But fish which have been frozen before rigor sets in 
(which have probably never stiffened) are equally without flavour, and 
they rapidly soften and disintegrate when raised to ordinary tempera- 
tnrm. On the other hand, fish which are frozen immediately after 
the rigor sets in remain almost unaltered, and when cooked can 
scarcely be diatinguiahed from fresh fish unless the temperature haa 
been unnecessarily low. The most perfect results were obtained by 
keeping fish (both salt and fresh water) at a temperature varying 
from —1° to —2° G. Haddocks which were pithed and gutted and 
preserved in water-tight insulated obambeis at a temperature of — 2° C. 
for three weeks continued rigid from first to last, and when cooked 
were firmer and better flavoured than ungutted fish only ten hours out 
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of the water. For some reason not easily understood, the fish preserred 
in water at —1* 0. were firmer and better in every way than fish at 
the same temperature in boxes from whioh the water escaped as the 
ice melted. Fish intended for drying and pickling, i.e , for preserving 
for a long period, should also be treated before or as soon as possible 
after the rigor goes. When a fish has once begun to disintegrate it 
is impossible to restore the original freshness, and unless all the 
flavours are destroyed during the preserving process the results of 
previous decomposition can easily be detected. Some fish, as ourers 
well know, are incapable of being preserved even with salt, e.g., fish 
whioh have died straggling in the water entangled in gill nets are 
difficult to preserve, because under theso conditions, as experiments 
prove (probably in consequence of the acid reaction thus determined), 
no distinct ngor ever sets in—death being at once followed by pntre> 
factive changes. 

Fish hitherto have usually either been lightly salted and sun-dried, 
or after being saturated with salt pickled in strong brine. A 20 pw 
cent, salt solution almost completely altera the tissues. Apparently salt 
•owes its preserving power to the fact that it arrests (though it fails 
to destroy) putrefactive organisms by a process of desiccation—ex¬ 
tracting the fluids, without which growth is impctosible. 

Unfortunately we are acquainted with extremely few substanoes 
able in small quantities to arrest the growth of bacteria without 
rendering the fish unfit for food. It is extremely desirable to at least 
greatly diminish the amount of salt required This has recently been 
rendered possible by a process introduced by Hr. Sahlstrom of the 
Iformal Company. In this process the fish are introduced into a 
cylinder, and, after all the air has been removed by pumping, pressure 
(5 to 6 atmospheres) is applied to drive the preservative solution 
(whioh may contain salt alone, or salt along with other preserving 
reag^ts) into the tissues. I have made an extensive series of ex¬ 
periments by this method, and in all oases when fish in a rigid condition 
were treated, succeeded in arresting putrefactive changes, either pei> 
manently or for a limited period according to the strength of the 
■solution used. ' 

This inquiry throws some light on another question whioh has long 
been discussed, vis., whether line-caught fish are preferable to fish 
taken by the beam trawl. In order finally to settle this question, it is 
only necessary to ascertain whether the rigor disappears quicker in 
the one case than in the other. I have already mentioned that a line- 
caught haddock, whioh has been killed and pithed the moment it leavoi 
the water, may at a temperature of 8” C. remain stiff for 30 hours, i,e., 
putrefaction may be retarded from 25—30 hours. On the other hand 
haddocks, captured by a 25-feet beam trawl whioh had only been two 
hours at work (large trawls are often down for six hours), even when 



1887.] Eketroehemieal Effeett on Magnetinng Iron. 458 

ldn«d and pithed immediately after taken from the net, may pass into 
rigor in 80 minntes and be again quite limp 6 hours after death. 
Sometimes, however, the rigor may not set in for 2 hours after the fish 
are landed, and it may continue for 17 hours, the difference doubtless 
resulting partly from the difference in the timo the fish were in the 
trawl net, and partly from the energy expended in attempting to 
escape, or in endeavouring to maintaiu the respiratory movements 
under somewhat diflloult oircumstanoes. It may ^erefore be affirmed 
that though the rigor may persist as long or nearly as long in some 
trawled fish as in fish caught with a line, in most cases the rigor 
disappears sooner from trawled than from Iine>oanght fish; in other 
words, putrefaction seta in sooner as a rule in fish taken by the trawl 
than in fish taken by the line, granting, of course, that the line fish 
are pithed and gutted as soon as thqr leave the water. 

I have, in oonclnaion, to express my gratitude to Professor Bnrdon 
Sanderson and hfr. Qoteh for valuable assistanoe rendered with the 
SDqwriments made in the Oxford Physiological Laboratory. I am also 
in&bted to Professor Tait for kindly allowing Mr. Lindsay, of the 
natural Philosophy Istboratory in the University of Edinburgh, to 
assist with the eleotrieal experiments. I am further indebted to 
Mr. Clarkson, B.So., of the Natural History Department, Edinburgh, 
and Mr. W. L. Oalderwood and Mr. Jamieson, Members of the Staff 
of the Fishery Board for Sootland. 


XXVI. “ Electrochomical Effects on Magnetising Iron.” By 
Thomas Andrews, F.R.S.E., F.C.S. Communicated by Pro¬ 
fessor G. G. Stokes, P.R.S. Received June 2,1887. 

Having for many years past been engaged in researohos relating 
to the various aspects of the corrosion and oxidation of metals, 
nearly two years ago it ocourred to me to investigate the probable 
effect of magnetisation on the relative electrochemical position of a 
pair of bright iron bars, one magnetised by a coil, the other nn- 
magnetised, when thus aimaltaneonsly exposed in circuit, in a aniU 
aUe apparatus, to the action of various powerful oxidising agents 
and saline solutions. I accordingly specially propared numeroua 
long polished rods of soft wrought scrap iron 0 261 inch diameter, 
for use in the investigation. I was not able to commence the pre. 
liminary observations until towards the end of 1886, and, after mnoh 
ooosideiation and various trials then made, decided to adopt the 
following method of experimentation as perhaps calculated to yield 
tha most delicate and accurate results; pressure of other work has, 
however, delayed the earlier completion of the work. The general 
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arrangemont and methods of ezpenmentaium porsned an described 
below, and the apparatus is delineated on fig 1 and fig 2 



Two pieots were adjacently cut from a long findy polished iron 
rod, so that the pieces might as neai as practicable bo of identioal 
chemical composition and molecular constitution After being firmly 
placed and adjusted as to equal length, Ac, in the wooden supporting 
frame W, they were immersed to an exactly equal depth m the solu¬ 
tion contained in the U tube, which latter was also ngidly supported 
by a stand In the duplex experunents made with apparatus fig Si, 
the IT tube was immerMid in a lat^e volume, four pints, of cold water 
to ensure equal temperature conditions during experimentation for the 
reapeotive solutions in each limb, the cold water being maintained in 
steady circulation around the tubes The rods were conneoted in ouonit 
with a sensitive galvanometei, having a resistance of 1121 ohms, and 
of known oahhration, the galvanometer being under constant tele- 
soopio observation dnrmg the experunents, and the normal galvamo 
action between the two bars previously observed in every expenmeut 
Considerablo care was requisite to obtain this aoonrately, so as not 
praotioally to interfere with the subsequent reenlts seemingly due to 
magtaetio mfinenoes A removable ooil G, of stout silk-oovered oopper 
wire (No 16 gauge) mounted on a large wooden bobbin 6 inches long 
enolo^ the limb A of the U tnbe, or when nsing apparatus fig 2, 
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the coil larrounding the npper portion of the long bar requiring 
magnetisation. The coil used in the experiments with apparatus fig. 1 
consisted of six depths or wraps of the iusalated copper wire, each 
wrap haring 81 turns, making in the whole a coil of 4^ oonrolutions. 
The other coil employed in the experiments with apparatus fig. 2 was 
ef similar oonstmotion, but had ten depths of insulated copper wire of 
the same thickness, constituting a coil with a total of about 750 con- 
rolutions. 

A single cell bichromate battery, easily put in or out of operation, 
was attached to the coil, and the battery was recharged with tbe same 
strength of solution for each observation. After a suitable time had 
been allowed in each experiment for steady galvanic equilibrium to be 
established between the two iron rods, in the solution in the tubes, 
which took place at periods varying with the nature of the solution, 
the coil was put into operation. In the experiments with fig. 2 the 
end of the bM in the solution was the S seeking pole. It was most 
interesting to observe the result. The rod A thns magnetised in most 
of the solutions became the metal positive, the galvanometer indicating 
its steadily increasing electrochemical positive position compared with 
that of the nnmagnetised bar B. Repeated careful experimentatian 
iqipeared to indicate that the increased positivity of the rod A bb> 
sorved under these conditions was due to the increased action of the 
acid or saline solution on the iron rod which was under magnetic 
infioenoe, owing to which it became surrounded by a slightly stronger 
saline solution than the other nnmagnetised rod B, which was appa> 
rently less acted upon. In some cases in the more powerfully acid 
solutions. Table A, columns 4, 5, 7, 8, a kind of maximum point 
seemed to be generally reached, and after the more violent action of 
tile acid hod expended itself, a reduction of the E.M.F. between the 
rods was genendly noticed as the solution in the B>tuho gradually 
approached an equilibriam of composition compared with the solution 
in the A limb of the U-tube, and subsequently a reverse action in 
some oases was observed. The nnmagnetised rod B appeared to be 
less rapidly acted upon than the one under magnetic influence. On 
magnetisation of the bar the above full effect on the galvanometer was 
not always of an instantaneous character, though a short tune only 
appeared requisite for its development The solutions empbyed are 
given in Table A, and the results therein recorded were derived from 
a series of constant observations, a comparison in some instances being 
afforded between the respective effects obtained by the two forms of 
apparatus employed. 

It may be noticed that a fiwsh pair of the iron rods, cut adja¬ 
cently from a long polished rod, were used for each experiment, mi*! 
128 pairs were used in course of this part of the investigation, the 
whole of the experiments being many times repeated to ensure 
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aocnnuT^, the reaulte recorded heing the kverege of maaj ohaerra- 
tions. In some inatancee aomewhat higher reanlta were noticed. 

It is almoat impoaaible to obtain two pieoea of iron (even when 
forming adjacent parta of one polished rod) which when in aolntion 
are devoid of some alight galvanic action between themaelvea; hat 
the greatest care waa exercised in the special preparation of the iron 
naed, so that thia variation might he redaoed to a mimmnm. 

To enanre aacceaa in the experiments it waa found essential that the 
iron bars should possess an excellent polished surface, free from mag¬ 
netic or other oxide or imparities; the solutions were also concen¬ 
trated, and beth discrimination and manipulative skill were requisite 
in obtaining the practical galvanic eqnilitoinm of the bars at com¬ 
mencement. The time needed to enanre this seemed to vary consider¬ 
ably with different aolutiona according to circumstances. A sensitive 
galvanometer waa also a requisite of success in these observations, 
and telescopic readings wore necessary, as in some oases the effects 
were small 

It seems desirable here to add a few remarks on the possible 
indnenoe of temperature on the reactions, and to state the mwiTis 
need in the endeavour to minimise errors from this source. In con¬ 
ducting the experiments, I should have preferred using greater 
battery power, Imt employed only one bichromate cell,- the wire of 
the ooil was also of considerable thickness to prevent undue heating 
from resistance. The centre of tho wooden ooil bobbin was also about 
inch in thickness, so as to act as a central non-conductor. More¬ 
over, an air space waa allowed of ^ inch between the wooden centre 
of the coil and the enclosed limb of the U-tabe. The other limb for 
die unmagnetised bar was enclosed by another coil, which, when not 
in use, acted as an exteiuial protective jacket. Notwithstanding these 
precautions, there was a slight increase of temperature in the interior 
of the ooil C. Thermometers inserted in test solutions, one in eaoh 
limb, gave an average difference of about 1” Fahrenheit at the end of 
an hour, this increase of temperature in the solution in the ooil tube 
being, however, very gradual. It would be untenable to state that 
this difference of temperature, arising from the action of tho ooil, did 
not to some slight extent influence tho results of the experiments 
with apparatus fig. 1; but the results obtained therewith could 
oertainly not be regarded as duo only to differences of temperature 
conditions between the two tubes. Most of the experiments with 
that apparatus afford within themselves evident proof to the con¬ 
trary : thus, it will be seen, that the magnetised bar assumed a pro¬ 
minent positive position almost immediately after magnetisation, in 
the case of nitric acid, before any perceptible difference of tempe¬ 
rature could obtain between the respective tubes (see Table A, 
columns 6 and 7). 
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l£or«oTer, the exoeptional negative position of the magnetised her 
under the wme temperatnre conditions, m the case of enlphnno acid, 
aflorde evidence that the effect was not dne to these temperature 
causes To more clearly domonstiate however, that the results were 
mainly doe to the influence of magnotisatic n, and soling on the kind 
suggestion bf Professor G O btokes it was decided to make a duplex 
smes of observations I accordingly devised the modified form of 
apparatus fig 2, which was intended to eliminaie possible soufchm of 
error from tomperatore difference, by keeping the U tube surrounded 
by a large volume of cold water dniing the expeiimcnts the solution 
in the respective tubes being thus maintained under equal conditions 
In oomparmg the results obtained with the two forms uf apparatos, 
it should bo borne in mind that when using the apparatus fig 2 the 
cold water surrounding the U tube would have a tendency to retard 
the increase of the temperature of the solutiors naturally arising 
from ohemioal combination Further the ooil in fig 2 being at one 
end of the long bar would he calculated to modify the magnetisation 
of the other end of the metal m the solution, compared with its 
action in fig I, whore the coil almost entirely surioundcd the bar 
hense itr fig 2, the cod was made somewhat larger to overcome this 
to some extent, and the end of the bar B was shortened m oxpe 
nments with fig 2, so that this bar would bo less liable to bo affected 
magnetically by the exteinil influence tf the larger coil I hope that 
the confirmatory results obtained in the two sets of observations may 
be considered as fairly satisfaet >iy 


Wtt Jin 
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Table A.— etmtinued. 



S.M.F. in Tolt, and rleotroobemloil poaition of mMfpietued 
bar oomparod with the u]imagnetiM>d bar, the poaitire or 
negatira poaition of the former being respectireljr indioated 
bj the sign* + and —. 

Tun* from 
oonunem-emsnt 
and duration 
(^magnotuatiun 
in lumutuii. 

Column 4. 


Oolumn 6 


Colimin 6. 

Potaiaium 

bi-ohram«t<* 

acid. 

Fento rhloride and 
oitnc acid. 

Milnr arid, ip gr. 1888, 
one part, and three 
parts aater. 


11. 



H 



II. 

hm. niiiu 

0 0 

0 000 

0-000 

0 000 

0 000 

0 000 

0 1 




—0 0i<4 

+ 0 086 

+ 0 004 

0 * 

*0 OOP 



+ 0-002 

. 



0 21 

+ 0 006 



+ 0 002 

+ 0 080 

+ 0 006 

0 2 

0 . * 

+ 0 000 
+ 0-010 



+ 0 011 
+ 0 013 

+0 080 
+ 0 010 

+ 0-007 
+ 0 C09 

0 6 

0 6 

+0 007 



+ 0 013 
+0 080 

+ 0 014 

+ 0-009 

0 7 




+0 016 

. 



0 7t 




+ 0 006 

+ 0-011 

+0 011 

0 S 




+0 022 

. 



U 9 




+0 084 

. 


+o-bu 

0 JO 

+0 boe 



+0-011 

+0-008 

+ 0-011 

0 U 




+ 0 014 




0 12 




+0-011 




0 121 

0 IS 

0 14 

+ 0'bo9 



+0-009 



+o-bjo 

0 16 

0 lA 

+ 0 004 



+ 0002 

+ 0 009 

+ 0 bo6 

0 17 

0 171 

0 19 

0 20 

+o'bo7 

+0 

boe 

+ 0-000 

+ o’bo7 

+0-bo7 

+o-bo6 

0 221 





. 



0 26 

, +o'bo5 

+0-018 

+ 0 -«M 

+ 0 001 

+ 0 -bo 8 

0 30 

+ 0-003 

+0-038 

+ 0-002 

+ 0-001 

+ 0-004 

0 86 

+ 0-001 

+0-038 

+0-008 

+ 0-011 

+ 0-004 

0 40 

+ 0 004 

+0 083 

+ 0-008 

+ 0 018 

+ 0-004 

0 48 

+ 0-001 

+ 0 002 


+ 0-018 

+ 0-004 

0 60 

+ 0-002 

+ U -004 


+ 0-000 

+ 0-006 

0 66 


+0-006 


+0 018 

+ 0-007 

1 P 

+ 0-000 

+ 0-000 

+ 0-001 

+ 0-018 

+0-0t>7 

1 6 

1 16 

1 SO 

1 46 

a 0 

a so 

a 0 

't 16 


+o’bo7 






8 L 2 
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The records in the above table nnder divisions I were experiments 
made with apparatus, fig. 1, the records entered nnder divfsions II, 
relate to observations made with apparatns, fig. 2. 

The records of the effects in the stronger solutions do not indicate 
the full extent of the electric action compared with that of the weaker 
solutions; because in the former case the tubes could only be par« 
tially filled, so as to prevent boiling over. 

General Bemarkt. 

lotaMiim Chlorate and Nitric Aeid Solviioni, Columns 1 and 9.— 
At the termination of some of these experiments, the depth of colour 
of the solution surrounding the magnetised iron was perceptibly of a 
darker shade than the colour in the tnbo surrounding the nn< 
magnetised bar, this wss oonfirmed by Eggerts’s carbon coloration 
test. 

Ferrie Chloride and Nitric Aeid, Column 6 .—At forty minutes from 
the commencement of one experiment m apparatus fig. 1, the record 
was an E.M.F. of 0‘02.3 volt, the magnetised bar being positive; the 
battery was then attached to a smallvr poil surrounding the other 
bar B, which was then magnetised instead of the bar A, and in 
course of five minutes a reduotlon in the positive* position of bar A 
to on extent of OOill volt occurred. At forty-five minutes the 
battery was reconnected to the coil surrounding the bar A, producing 
a ste^y increase of positive position in that bar as recorded in 
Table A, column 6. 

Agua Begia, undUnted .—^With this reagent in fig 1 no very 
decided galvanic reaction took place until the bar had remained 
magnetised for some ten minutes, when violent effervescence occurred 
accompanied by evolution of dense reddish-brown fumes, the magne¬ 
tised bar then becoming rapidly electropositive to an extent yielding 
an E.M.F. of about O'llO volt This position was subsequently more 
oe less maintained for some ten minutes, the galvanometer, however, 
gradually falling to sero as the ebullition in both tubes subsided. 
This was a difiSoult experiment to make, owing to the very violent 
efbrvesoenoe. 

Agiia Begia, diluted. Column 8.—Up to the commencement of the 
eSsrvescenoe no perceptible difference in the colour of the solution 
in the respective limbs of the U-tnbe was noticed; but immediatdy 
on the violent ebullition ooourring, which took place generally about 
tea ninutes from oommenoement, the solution surrounding the mage- 
tised bar frequently became of a very much darker tint. This 
marked difference Mwoen the colour of the respective solutions in 
the two tubes was maintained for some time, afterwards the two 
•olnikma became apparently nearly ohromatioally equal. The electro. 
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cbemioal effect appeared to be lew marked when nring aqna regia 
containiiig excew of HCl. The relative eleotrochemioal poeition of 
the two bars in each cage being less divergent, the HCl appearing 
to act somewhat as a strong diluent. 

nydroehlorieAeiil and Sulphurie Acid, Column* 9 and 10.—Singular 
to say, the previously described mngnetochemical effects were com¬ 
paratively small when using such a powerful reagent as hydrochloric 
acid alone, either oonceutrated (sp. gr. 1IG) or diluted. When this 
acid was employed in conjunction with concentrated solution of 
potassium chlorate (Table A, column 3), the effects there recorded 
appeared due rather to the oxidising agency of the evolved chloric 
compounds; in the presence of magnetism, the reactions with this 
electrolyte wore occasionally irregular, the excess of HCl appearing 
sometimes to interfere Sulphuric acid, cone., also seemed to behave 
abnormally, though this acid does not ordinarily act strongly on iron. 
The experiments with both the above acids in course of a large 
number of ohservations, proved exceptions to the general rule. The 
magnetised bar in the salphnrio acid, cone., and also in the hydro¬ 
chloric acid, diluted, became the electronegative metal, not only in 
the case of H 1 SO 4 , when using the apparatus fig. 1 , but also when 
experimenting with the modified form, fig. 2. Occasionally, with 
snlphurio acid, cone., the magnetised bar was, on first magnetising it, 
slightly electropositive for a few minutes only; but afterwards 
became steadily negative. 

Under the conditions of experimentation, the magnetised bars in 
the powerful oxidising reagents used almost invariably aasumed the 
oleotropositive position, the presence of H.NOg appearing essential 
to the full dovolopineut of the positive position of t^ bar under tbs 
influence of magnetism. On the contrary, the magnetised bai; 
seemed to be the electronegative metal in H^SOg, cone., and also in 
the HCl (diluted), as electrolytes. The two latter reagents by them 
action on the metal generate gases of a reducing oharaoter. These 
exceptions are not, however, averse to the principle that magnetisa¬ 
tion exerts an influence on the relative electrochemical position of a 
pair of iron bars, varying according to the nature of the solution and 
the extent to which one of them is magnetised. In the above excep¬ 
tions, it is possible that the magnetised bar assumed the negative 
position consequent on its being the one more attacked, under 
magnetic influences, by the reagent; thus prodpeing a greater evoln- 
tion of reducing gases in the tube A (wntaining the magnetised bar 
than in the other tube; this may perhaps explain the negative eflbet, 
The observations of this memoir therefore indicate that, under the 
powerful and rapidly oxidising conditions described, a magnetised 
bar becomes metal positive to an unmagnetised one, whereas in the 
sxoeptional instanoea above aUnded to, the electronegative efleot 



1IM7.} Tht Sinuttt of VaUctlva and Awrieular Apptniieet. 469 

oocara, poaaibly owing to the preeence in the solution of snoh rednoing 
Agents as nascent hydrogen, dso. 

In the present incomplete stage of the enqniiy these remariu are 
only offered tentatively. 

The effects oonld not be expected to be largo; 1 anticipate, however, 
generally more marked rosnils in a more powerful magnetio field, 
exerting its inflaonce, perhaps, for longer periods; bnt I think the 
experiments now submitted appear sufficient at least to afford an 
in^oation that, under the conditions rooorded, magnetisation exerts 
on iron, in some solutions, an appreciable effect. The resnlis 
already obtained in this direction are so far interesting as to 
encourage further research into tho nature of this novel and subtle 
phenomenon. 


XX VIL “ Note on the Functions of the Sinuses of Valsalva and 
Auricular Appendices, with some Remarks on tlie Mechanism 
of the Heart and Pulse.” By M. Colubr. Communicated 
by Victor Horsuby, F.R.S., Professor Superintendent of 
the Brown Institution. Received June 9,1687. 

(Abstract.) 

The object of the paper is to disprove tho present apparently 
accepted idea, that the sinuses of Valsalva are mure bnlgings of the 
arterial walls, formed by a reflex ourrent induced by the sudden 
dosnre of the semilunar valves. 

The existence of a reflex currant is shown to be impossible, and the 
theory of tho sudden opening and olosure of tho semilunar valves ia 
strongly opposed. 

The presence of the sinuses of Yalaalva is urged as an absolute 
easentifd to the mechanism of the heart’s aotion. The paper ihen 
treats of the action of the auricle and the part played by the auricular 
appendix, the latter being considered as the only part of the auricle 
that sensibly and vigorously contracts. 

The causes of tho first sound of the heart are next alluded to, and 
the theory that the closure and vibration of the tnouspid and mitral 
valves assist in its production is refuted. The action of the vontriole 
and the mode of the injection of its oonten’s into the aorta is dwelt 
upon at some length. 

The latter part of the paper is devoted to the mechanism of the 
pulse, and an explanation is given of the so-called diorotism. 

The paper teminates with a sommary of the chief points of the 
oonclnskms arrived at. 
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XXVIII. “On Hamilton’s Numbers." By J. J. Stlvbstkr, 
F.RS., Savilian Professor of Geometry in the University of 
Oxford, and James Hammond, M.A. Cant. Received June 11, 
1887. 

(Abstract) 

In the year 1786 Erlaud Samuel Bring, Professor at the University 
of Lund in Sweden, discovered that by the method of Tsohimhaasea 
it was possible to deprive the general algebraical equation of the fith 
degree of three of its terms withont solving an equation higher than 
the 3rd degree. By a well understood, however singular, academical 
fiction, this discovery was imputed by him to one of his own pupils, 
one Sven Qnataf Sommelius, and embodied in a thesis humbly sub¬ 
mitted to himself for approval by that pupil, as a preliminary to his 
obtaining his degree of Doctor of Philosophy in the University.* It 
seems to have been overlooked or forgotten, and was snbseqnently 
re-discovered many years later by Mr. Jerrard. In a report contained 
in the ‘ Proceedings of the British Association ’ for 1886, Sir William 
Hamilton showed that Mr. Jerrard was mistaken in supposing that 
the method was adequate to taking away more than three terms of the 
equation of the Tith degree, but supplemented this somewhat nnneoea- 
sary refutation by a profound and original discussion of a qnestiou 
raised by Mr. Jerrard, as to the number of variables required in 
order that any system of equations of given degrees in' those variables 
shall admit of being satisfied withont solving any equation of a 
degree higher than the highest of the given degrees. 

In the year 1886 the senior author of this memoir showed in a 
paper in Kroneoker’s (better known as Crelle’s) ‘Journal' that 
the trinomial equation of the 5th degree, upon which by Brpg’s 
method the general equation of that degree can be made to depend, has 
necessarily imaginary coefilkiients except in the case where four of the 
roots of the original equation are imaginary, and also pointed out a 
method of obtaining the absolute minimum degree M of an equation 
from which any given number of specified terms can be taken away 
subject to the condition of not having to solve any equation of a 

• Briog’s Bsdnetioa of the Quintia Equation was republished by Mr. Robert 
Hariey, E.B.8 , in the ‘ Quarteriy Journal of Pure and Applied Mathematias,’ voL 6, 
186i, p. 4B^. The full title of the Lund Thesis, as given by Mr. Harley (see 
‘ Qn^ Joum Math.,’ pp. 44,46) is os follows; '* B. oum D. Meletemata qnaedam 
mathematua oiroa transfoimationem aequatumam algebraioanun, quae eonsent. 
Ampliss. Raoult. Philos in Regia Aoademia Osrohna Piaesids O. Sriaad flam 
Bnng, Hist. Piofem. Beg. A Otd, publico Emditonun Bssmini modeete snbjleit 
Sven Ohistaf Sommelius, Siipendi^ns Regius A Palmcrentsianns Lnndensis. 
Die ziv Deoemb, iinooLXXXVi, UH Q.8.—Lnndae, typia Berlingumis.’’ 
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degree higher than M. The nnmbera famished by Hamilton’s 
metitod, it is to be observed, are not nnless a more stringent 

ooadition than this is snbstitated, ru., that the system of equations 
which hare to be resolved in order to take away the proposed 
tenns shall be the simplest possible, «.«, of the lowest possible 
weight and not merely of the lowest order; in the memoir in 
'Crelle* above referred to, he has explained in what sense the 
words weight and order ore here mnployed. He has given the name 
of Hamilton’s Numbers to these relative minima (minima, i-e., in 
regard to weight), for the case where the terms to be taken away 
from the equation ooonpy conseentive places in it, beginning with the 
second. 

Mr. James Hammond has qnite recently discovered by the method 
of generating fnnotions a very simple formula of redaction, or scale 
of relation, whereby any one of these numbers may be expressed in 
terms of those that precede it: his investigation, which oonstitntes 
its most valnable portion, will be found in the second section'of this 
paper. The principal results obtained by its senior author oonse* 
qnential in great measare to Mr. Hammond’s remarkable and nnex- 
pected disoovery, refer to the proof of a theorem left nndemonstrated 
in the memoir in ’ Crelle ’ above referred to, and the establishment of 
oerUdn other asymptotic laws to which Hamilton’s Nnmbera and 
their differences are subject, by a mixed kind of reasoning, in the 
i^n apodiotio, bat in part also founded on observation. It thns 
became necessary to calculate out the 10th Hamiltonian Number, 
Irhioh oontaina 43 places of figores. The highest number calculated 
by Hamilton (the dth) was the number 923, which comes third in 
Older after 5 (the Bring number), 11 and 47 being the two intervening 
numbers. It is to be hoped that some one will be found willing to 
xmdertake the labour (considerable but not overwhelming) of calon- 
lating some farther numbers in the scale, in order to.establish or 
disprove oonclnsively the presumptive law of the anymptotio branch 
of the aeries connecting any two consecutive semi-diSerenoes i)a, of 
the Huniltonian Numbers, vis. 

The theory has been “a plant of slow growth " The Lund Thesis 
of Dsoember, 1786 (a matter of a couple of pages), Hamilton’s 
Bistort of 18^, with the tract of Mr. Jerrard therein referred to, and 
the memoir in ‘ Crelle ’ of December, 1886, oonstitnte as fhr as the 
Minor author of this paper is aware, the complete bibliography of the 
■ahjeot iq> to the present date. 
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XXIX. “ On the Induction of the Explosive Wave and an 
Altered Gaseous Condition in an Explosive Gaseous Mixture 
by a Vibratory Movement.” By Lewis T. Wright. Com- 
mnnicatod by Professor ODlilNO, F K.8. Receivod June 18, 
1887. 

(Abstract.) 

The author refers to the oonclnsions of Berthelot and Vieille that 
the phenomenon of the explosive wave is qnite distinct from that of 
ordinary conibnstion, each being marked by well-defined limits called 
by them the rdgime of detonation and combustion respectively. The 
transition fnim the one to the other is accompanied by violent vibra¬ 
tory movements. 

Mallard and I^e Chatolier separate the combustion of an explosive 
mixture inflamed at the opm end of a tube, closed at the other, into 
four different and succeeding phases— 

(1.) Uniform propagation of flame; 

(2.) A vibratory movement; followed in some cases by 
(3.) The explosive wave of Berthelot and Vieille. 

(4.) Spontaneous extinction of flame. 

The author has specially studied the connexion between the vibrating 
stage and the explosive wave with a certain mixture of coal gas and 
air (in large glass tnbos) which sharply exhibits tlie various features 
of the four stages described by Mallard and Le Chatelier. 

The points determined wore these, that the detonating stage (explo¬ 
sive wave) is never initiated without preceding vibratory movements 
on the part of the flames. 

That with the same mixture the vibrating period is of definite 
duration culminating in the explosive ware stage. 

The necessary connexion between the two stages being proved, the 
author investigated the question whether the explosive wave condition 
is communicated layer by layer by the contact of the flame itself, or 
whether the whole column of unignited gas in the tube adjacent or 
distant from the flame is “ induced ” by the vibrating flame into a 
more receptive condition which enables the chemical reaction between 
the molecules to proceed at a more rapid rate than usual. 

The phenomena exhibited by the flame suggest this latter exphuia- 
tion, and the author by the application of a weak spark test haa been 
enaUed to prove that the whole column of gas, either adjacent or dis¬ 
tant from the vibrating flame, is in an altered condition after being 
submitted to but a portion of the vibratory aotiem which normally 
initiates the explosive wave. 



19$7.} On a Balaaoglouut Lana from the Bahanuu, 478 

An eleotrio tpork of low tension not capable of igniting the nnin- 
dnoed explorive mixture invariably doea so, after the vibrating has 
been set up. 

It is enggOBted that the tremor aent throngli the nnignited gai 
a^ohronised Bome of the moleeular vibrations, so that the moleoulee 
o^ble of reacting perform their translatory movemontH in some 
meaenre together, and that when a fooua of inflammation is present 
more reacting moleoaleB come into the sphere of inflammation in a 
given time, and therefore the rate of inflammation is more rapid. 


XXX. “ Note on Communicatioh entitled ‘ Preliminary Note on 
a Balanogloasns Larva from the Bahamas’ (‘ Roy. Soo. Proo.,’ 
voL 42, p. UG).” By W. F. R. Wbldon, M.A. Communi¬ 
cated by Profeaaor M. Foster, Sec.K.S. Received June 16, 
1887. 

In a paper, communicated to the Bojal Society in March last, I 
described a aeries of Balauoglossns larvn, found by mo m the Bahama 
Islands. The series extended from a larva with one pair of gillsHts 
to a form resembling in many ways a normal Tornaria; bat the dif¬ 
ferences between this larva and the normal European form were so 
great as to induce mo to believe that a process ot degeneration was 
going on, and that the Tofnaria-iike creature was the oldest, not the 
youngest, of the senes. 

On seeing my paper, Professor Spengel, whose resoarohes on 
Balanoglosaus are well known, wrote to me, informmg me that I was 
altogether mistaken in my interpretation of the larvm which 1 had 
found, and that my senes belonged in fact to the normal order of 
development. 

By the oonrtesy of Dr. Spengel I have been enabled to inspect his 
magnificent series of preparations, illostrating the whole lifo-histoiy 
of Bshmoglossns, and so to become convinced of tbe truth of his 
statement; I now, therefore, take the earliest opportnnity of with¬ 
drawing my previons statement, and desire to express my regret at 
hawing placed snoh an erroneous doctrine on record m the ' Pro- 
oeedinga’ of the Booiety. 

I beg also to thank Dr. Spengel most sincerely for his kindneta to 
^ in tbia matter. 
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XXXI. **Note on the Anatomy of Ariatio Cholera as exemplified 
in Cases occurring in Italy in 1886.” By Chablbs S. 
SHBRRiNQruN, M.B., M.A. Communicated by Professor M.. 
Foster, Sec. R.S. Received June 16, 1887. 

last summer when cholera again appeared in Italy I determined to 
seise the opportunity that seemed to offer iteelf lor re-examining the 
disease, especially with regard to some questions raised by the work 
of the previous year. 

Although, on grounds which I have already detailed in a letter to 
the Secretary of the Society, Professor Michael Foster, the conditions 
imposed by the state of the country quite precluded the carrying out 
there and then of trostwortby experiments with the living contents 
of the dejecta and of the viscera of the cholera pationte, still it was 
possible to collect a satisfactory amount of anatomical material. The 
results in this direction of an expedition, a part of the expenses of 
which were generously borne by ^e Society, were promised to the 
Society in the tetter above alluded to. The investigation of the 
material has now been completed, and may briefly be stated as 
follows;— 

The material collected consists in all of specimens and preparations 
made from twenty-five fatal cases. Of these oases twenty-two were 
indubitable examples of rapidly fatal cholera asiatica. These were 
obtained exclusively out of the Province ot Puglia. The remaining 
three cases were from Venetia, and were in the opinion of myself and 
Dr, Bouse, who in Venetia assisted me, not examples of true cholera. 
At each autopsy the specimens taken for preservation and snbseqnent 
detailed microscopical investigation were portions of the stomach and 
intestinal canal at various points, of the thoracic and abdominal 
organs, and of the mesenteric glands. From the contents of the 
stomach and intestine preparations for the microscope were made at 
the same time by the Ehrlich-Kooh method. From the vomit and 
dejecta of six moribund patients cover-glass preparations were also 
made in the same manner. With regard to the hardening of the 
tissues for microscopical examination, the portions of the tissns 
preserved were at the autopsy carefully placed separately into spdbi> 
men glasses containing absolute alcohol, and the alcohol was at the 
end of six hours renewed, the specimen being at the same time qniekly 
out into pieces never more than 8 mm, thick. The alcohol was then 
changed at the end of twelve hours, and again at the end of twenty- 
four, then not again for a week, 

The microscopical investigation has been carried on in the labora¬ 
tory of Professor Virchow at Berlin; in his debt I stand for much 
kindness and liberality. 
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Om of the main olijecU of the tenewed inquiry waa to adfc ti ain 
the pneenoe in, or the absence from, the anatomy of cases of cholera 
from another epidemic than the Spanish of certain appdiunnoes that 
tite microsoopicsJ preparations from the Spanish epidemic of 1885 had 
p r es ented. The appearances referred to were described in a Beport 
made to the Society in Jnne of last year, and printed in the Proceed¬ 
ings of the Society for that year, so that it u nnnoccssary for me to 
repeat them here. The more so since in this year's work I have oom- 
pletely failed after minute, long and repeated search, with the use of 
good lenses (new apoohromatio system of Zeiss), and after employ¬ 
ment of rarious methods of staining inclnding that by which the 
Spanish preparations were coloured, to find any trace of the abore- 
mentioned appearances in any of the material obtained in Italy. 
Neither in the specimens of the tissues nor of the intestinal fluid 
post mortem, nor of the vomit or dejecta during life is any trace of 
them to be found. Any view that suggested itself of a causal con¬ 
nexion of them with cholera must therefore meet the difliculty that 
th^ form no constant anatomical feature of the disease. 

With regard to the presence of comma-shaped bacilli in my 
material, such forms have been found in altogether thirteen of the 
oases from Puglia, although always with difficulty, and seven times 
only after extremely patient and ngoroua search. The method found 
most aatia&otory for their detection has been that of Loffier with a 
metiiylene-blue solution made according to the receipt given by him. 
The chief difficulties of the investigation have laiu in the facta, that 
the corama-baoilU are among the bacilli which are earliest decolorised 
by the solntions for removing the excess of stain, that the morpho¬ 
logical characters of the comma-baoilli are not so distinctive ae to 
malM their recognition from bacilli of some other species always 
certain, and that in none of my specimens have 1 found them free 
from admixture with other micro-oiganismsiaiid in none in very great 
abnadanoe. Having only the morphological characters of the bacilli 
for criterion, I have compared them always with specimens from pure 
cultivations of Koch’s comma-baoillns freshly prepared for the purpose, 
and I have only accepted them as snob when they have agreed with 
the latter standard form. 

Of the oases in which the comma-baoilli have been fonnd, in three 
they may be called “ fairly numerons,” in five “ sparse," and in*flve 
'* veiy •canty." The bacilli have never been fonnd in any other situa- 
than in the wall of the alimentary canal, and in the wall only in 
Ihe most superficial portion of the tissue, in the mnoosa. 

The three oases in which they are furly numerous Me oharaoierised 
dinfoally the fatal ending having supervened withont any stage of 
%hvile reaction, and anatomioally by the changes in the wall of the 
iftnthie being confined to partUJ denudation from epithelium of the 
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Tini, llpeoiftlly, to the presanoe of sn exceariTe namber of leoaoojtee 
in meahea of the moooaa and anbmnooaa, and to evident engoi^Ce. 
ment of the fmrtal venales. The oomma>ahaped bacilli lie in the fnndi 
of the tnbnlar glanda of, eepeoiallj. the ilenm, and in the tiadne in 
which those glands are imbedded in the immediate vicinity of the 
glands. Their dutribntion la not nniform, bnt is patchy. They oconr 
with varions other forms of bacteria in the same situation. Genrallj 
of these other forms soma have penetrated more deeply into the tiasae 
than have the oomma-bioilli; especially is this tme of certain fine, 
straight bacilli resemblmg morphologically the baoterinm ooK oom- 
mnno of Esohenoh. 

In the other cases in which oomma-hacilli are fonnd, the signs of 
acute severe inflammation are more obvious, many of the dmuded 
vOli are in part necrotic. Shallow sloughs ooenpy the surfiioe of the 
mucous membrane, together with small extravasations and patches of 
" ooagnlation-neorosis.*' Here the comma-shaped bacilli are within 
the mucosa, and with them occur a multitude of miorocoooi and 
bacilli of various shape and sixe Although in two of these cases 
bacilli are to be seen in the distended venules, I have in no instance 
found eomma-baoilli within any blood-vessd. 

Of those cases in which oomma-bacilU have not been fonnd, the 
impression left upon me is that in some of them it is possible that 
still further examination of a still more extended series of prepara¬ 
tions from them might have revealed oomma-hacilli in the wall of the 
intestine in some of them. They are all cases that, although of 
rapidly fiitul issue, had passed into a sti^^ of febrile reaction. 

In them often the surface of the ileum and large intestine was 
thickly set with little patches of superficial sloughing, and miorO'> 
soopical preparations made through thrae areas forcibly recall jnwpara- 
tions of a mucous membrane diphthentioally inflamed. The attached 
face of the slough is occupied foequently by an almost continuous 
sheet of bacteria, and bacteria infiltrate the inflamed snbmaooaa, and 
often the superficial regions of the masoularis. In three of these 
oases micro-organisms are present in the blood-vessels, more especially 
numerously in the venules of the portal system. 

With regard to the preparations m^e from freshly evaotiated 
dejecta and vomit frdm living oases, the six oases examined reveal 
oomtaa-baoilli in the stools in five. There is no evidenoe of blood in 
these five stools, bat blood is mixed with the intestinal flnid in the 
ease in which no oomma-baoilli are seen. The vomit also in three of 
the oases shows a small number of oomma-baoilli. In non* of the 
preparations do the oomma-baoilli make np more than a small fraotion 
of alt the bacterial forma present. 

With regard to the statement 1^ Cohnheim that the shaddiag of 
the intsati^ epithellnm is purely and merely a prooeea setting is 
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port laortem, this, which hu always been denied by Yirbhotr and 
others, is negatired by the oocnrrence in the stools here examined of 
an alrandance of epithelial cells, often very slightly differing in 
appearance from the ,noi;pal. Occasionally they are oofaerent as 
groaps of four and there are, however, no finger-shaped casts of 
complete villi. 

The cases of a doubtful nature from Venetia have not disclosed 
any comma-bacilli under microscopical examination. In one of them 
the ulcers present in the ileum, which to the naked eye resembled 
those of enteric fever, pass deeply into the thickness of the muscular 
coat of the intestine, a condition to which I have only once seen any 
olooe approach in Asiatic cholera. 


XXXIL “ On certain Definite Integrals. No. 15." By W. H. L. 
Russkll, F.R.8. Reedved June 16, 1887. 

Mr. Fox Talbot’s roseorohes on the comparison of transcendents 
are well known. The following are founded on the same principle, 
applied in a different manner;— 

Let— 

o^r‘+6lP*-|-el*» = ei, 

be two equations connecting the yariaU^ at, y, and t. Then we can 
find o and y in terms of x, k and x in terms of y, y and s in terms of 
(»). Orif— 


6iO,-ei6, = Aj, 

also 


oiftj-tio, = Ci; 

•lOi-Vi = -^1 


II 

f 

% 


we shall have * = 
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i'CAi) 




-ry(B,-Oi<r»). 


Now, since 


Jj* . *y+-*y as aiyx, 

(B,C,)«|^ <1*^(0,+B,«') y(B,- C,a*) 
+ Ab .J'CAj+Cia*) y(C,-A*») 

+(AiBi)'p i«.y(B,+Ai<»*)y(A,-Bi»') 


as (AxBiCi)'(V»*’»— 

where the lunits mast satisfy the eqaations— 

® * 1 . 

«!>»*+W+W « r,, 
o,Xj»+Vi’+W “ o» 
fl^^fVs’+Vs* = «»; 

from which it appears that one pair of limits maj be considered arbi¬ 
trary, while the other two pairs are given by these eqaations. 

Sinoo— 

f^> d» 

+ J^e»y(A,+C,*») •/( 0 ,-AiS*) 

+®»'£|*»i^(B,+A,J)^(A,-B,«^) 

the limits being determined as before; and since— 
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Jy* Jy*» “ y^ 

_A iP' _ 




y* 


r., ^(A,+Ci.r») . r . ^( Aa-B,.r«) 
^(C,-A;*»)+J^'^ ^( 6 s+Ai^) 

1 p ^(C, + B,T^)y(Ba-Ct «V ^ A_A 

A'Ja, ** A***-* Ml*')’ 


Again, since 

Jd* yV + sJdy y<**#+ 2 j* <i» as 

2 Ai*Biy(A)ij» (B,+AiX*)*(A,-Bi**)« 
+SAi«Ci«^(Ai)j *, **(Ag+C^)«(Cg-Ai**)» 
-BiCj>jdiB (C,+B,»»)l(Bj-Cia5*)* 

= Ai*BiCi».y(Ai)(WV-^iA‘i‘''i*)- 
Similarly, since 

j(y+s) dai+j (a+s) dy+l (x+y)* = xy+a»+yz, 
da {^(C,+B,s?)-^(B*-C,a»)} 

+ ^(A,Ci)j da {^(Aj+Cia:*)—yCCj-Aia*)} 

+ ^(AiBi)j rfa {^(B,+Aia*)-.y(A,-Bia»)} 

- ^(AiB,Ci){SV^- 2 Xiai}. 

TOfc. uu. 2 * 
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Next snppoBO that we transfonn bj means of the equations— 

aiai + 6iy+«*is = Cj, 

a^+h^+e^ = 

and remember that 4^, 4>it 4>t being any functions— 

jis 0,'(a) ^(y) <6(^+1 dy 0jy 0,(ie) 0s(») 

+jdi 0, («) 0i(a) 0^y) = 01* 0»s, 

then, transforming as before (with similar limits), 



- 01^ 01^* 0,'.-0^j 0»"s 

we ohierre there are three arbitrary fnnrtious, which can be taken at 
pleasure, and six arbitraiy constants We peroeiTO therefore that the 
formula is very exteD<tiye 

The limits are of ponrso connected by the equations— 

®l^l'h&i/*i+Ci>'i = eji 
OiAj+bi^ig+Ciy, = e„ 

«sM + Vi+«s*’i = e»> 

o,X, + 6aft|+V, = «* 

Next let ns transform by moans of the equations— 

Oi(r»—2»u;) + 6i(y*—2my) + ei(s»—2w) = «!, 
o,(**--2m*) + 6,(y*—2«iy) + o,(»*—2 m) sa e,, 
then, proceeding as before,— 
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’ = ”+{"■’+ 5 “^ + 

Hence we haeo the eam of the intcgrahi (supposed lo be takei 
within the proper limits)— 


j U + + 


Bi 2»A, 

Cl 

. A*-?:®!. 


f B_2«C, CitM* 
I ^"Ai "Ai + A, / ’ 


expressed by elliptic functions 
As a final example take the following — 

Let— Oia!® + 6iy‘ + c,s* = cj, 

flj*'’= Sg 

Then since 


J dx ya+J/fy *'■*"]* * 


try*. 


2 M 2 
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do y(0,+BiO»)m-C,!r«) 

+ 5J^(Ai«Ci«) j do J'(A,+C,»*)J/(C,-Ai*‘) 

+ \J/(B,ioAi«)j do J^(B,+Ai»»)J^(A,-B,o*) 

= »!'(A«'B«Ci«)(Vrt->i/«i-i) 

If we pat 

I do ytto+j" dy «tto+J da m/ to4-Jdio xjx = xj/xw 

and transformed by three equations similar mut itt« muiandu to those 
we liave have need we ahoald of coarse obtain the sum of four definite 
integrals 

The limits are omitted in some of these equations but they will be 
easily seen from the foregoing 


\XXIII “A Qeometncal Interpretation of the fiist two Peiiodw 
ot Chtnucil Elements following Iljdrcgen showing the 
Relations of the fourteen Elements to each other and to 
Hydrogen by moans of a Right Lino aud Cubic Curve with 
one loal Asymptote By Rev SAMUfib HAUUHiOb MD, 
F R S Recei> ed Apnl dO, 1887 

[FublicstKMi defemd ] 


WXIV “On the Foice with which the two Layers of the 
healthy Pleura cohere ’ By SAMUEL West, M D FRCP 
Commumcated by Su JAMES Paqet, Bart, h Rb Re¬ 
ceived May 21, 1887 

[Fubliostum defwied ] 


XXXV “Total Eclipse of the Sun obseived at the Caiohne 
Islands on May 6, 1883 By W DE W AbNBT Capt R E , 
J) R S. Received May 25,1887 

rFuUiostion defemd 1 
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XYXVI “Note on Mr DiMRons Paper on the Stinming of the 
Eaith B Cruflt in CJoolmg” By O H Darwiv, M A h R.S. 
Plumian PiofoBuorof Astronomy and Experimental Philo¬ 
sophy m the Uiiivciaity of Cambndge Ktceivod Juno 15, 
1887 

[To be publuhod in lh« PhiloRopbital rnniiactioni in ronjunotion with 

Mr Danaonipapir] 

XXXVII “ A furth( r miiiate Analjms, by h h etne Stimnlation 
of the Bo-callod Motor Region ot tht Coitex Oc rebn m tlio 
Monkey (Mutatm ttutew) By ( HVRLbS E BPItVOR, M 1) 
and PioliHwn ViOTOR Horsi»t hRS, BS, FRCS 
Abatraet leecivcd Juno lb, 18S7 

[Fublioation defirral] 

XXXVIII Oil the piesont Position of the Question of the 
Souicee of the Nitrogen of Vegetation with some new 
Results, and preliminary Nctice of n« w Lines ot Investiga¬ 
tion By Sii J B Lawi-s Bart, IRS, and I H 
GiLBbar MA, LLD, IRS, Sibthorpuu Proftssor ot 
Rural I eouomy in the Umveihity of Oxfoid Vbstratt 
iticeived Juno lb 1887 

[Publication deferred ] 

XXXIX “On Diameters of Plant Culncs ’ Bv loHV J 
WaLKFR, M a , F R S Received June lb, 1887 

[Pnbboation deferred ] 

The Society adjonmed over the Long Vacation to Thursday, 

November 18th 


Pretenit, June 16, 1887 
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“Note on some Expeiimenta on the ViscoBity of loe” By 
J F Main, M A D Sc t’ommunif attd by Prof W C 
Unwin, F R S Received Apiil 11,—Rtad May 5, 1887, 

Owing to the uncertainty prevailing as to (he continuous exten¬ 
sibility of ice under tunsioiial stiess, it appeared to nib desirable to 
institute a senes of experiments dirtcted to this point conducted 
aoooiding to the methods, and as far as possible, with the exactness 
of modem expei imental testing 

In order to eliminate the influence of rogelation the expenments 
have been earned on at such low temperatures as preclude the possi¬ 
bility of any effect being produotd by this cause, tl e highest tem 
peratnre recorded in Exponment No 1 being —2 0° 0 , in No 2, 
—10* 0 , and in No 3 —0 5" C It must ^ remaiked, moreover 
that these maximum tcmpciatures only obtained fui a very short 
time, on one or two days, as will be seen fiom the roi ords 

The testing machine which I nsod was constructed for me by 
Herr Ingenieur listen Kciuaober of Zuiieh It was on the com¬ 
pound lever pnnciple the ratio of the arms of the equivalent simple 
lever being 1 20 All parts wiiore fnction could be prejudicial were 
provided with knife edges Iho design of the machine is obvious 
from the fignre, in which A represents the specimen of ice to be 
tested, held by the collars at B and C D is an equipoise, to balance 
the weights of the levers and of the vessel E through which the 
power IS applied by means of shot 1 is a hand wheel fixed to the 
screw G by means of which as the specimen extends, the under 
collar C may be lowered, so that the position of the upper collar B 
and of the (wo levers may remain the wme An index at H shows 
when the parts of the instrument are in the relatave position required, 
and by its motion enables a rough estimate to be formed of the 
extension of the specimen 

The temperature was rendered more equable by enclosing the appa¬ 
ratus in two wooden boxes, KL and MN 

A delicate thermometer, graduated to tenths of a degree centigrade, 
and reading from —6° C to -(-6° 0, vras attached to the central 



wooden pillar, wbioli eapporte the npper lever The greateat 
vanationa of temperature inude the inner box were given in Expert* 
ment 3, and, on the daje mentioned in the record of Experiment 2, by 
two thermometers, maximum and minimum, attached to the roof of 
the inner box The centres of tiie bulbs were about cm from the 
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The loe apeciinen was formed bylreesing water in a oylindnoal 
non monld, with a oonioal expansion at one end To obtain loe as 
free as possible from included air, I in some oases (but not in all) 
bulled the water and then froso it Aftei wards it was melted in the 
mould, boiled, and then allowed again to freere In this way nearly 
all the air was expelled, only a small core of minnte bnbblos np the 
axis of the cylinder remaining In bxpeiiment No 1, however, theee 
preoantions were not taken, and thus the cyhndei of loe had linear 
babbles of air, radiating in hoiizontal straight lines from the axis of 
the cylinder These were dne to cxpnlsion of the air fiom the water, 
in which it was dissolved, as the latter froze in coucentno cylindrioal 
shells ftvm ontside inwards 

After the loe oylmdi r had been fiewl fiom contact with the monld, 
by bathing the latter in warm water, it was passed through the 
cxinical iron collar (C in figure) which the conical expansion of the 
ice fitted, and which had been sciewod to the nppei pait of a wooden 
fiame The other collar (B) was then attached to a moveable plate 
in the wooden frame, which was capable of motion vertically and 
hon/ontally, and, by adjusting screws, both tho frame and the oollat 
B oonid be made accurately horizontal By a small plaromet the loe 
cylinder was made to hang vertically, by placing small pieces of oork 
between it and the edge of the opening in B Water was then mn 
into B, and, when fio/en, a cylinder of ice was obtained hold above 
and below in two conical collars By the above mcntimod adjnat* 
ments it was eusniod that the cylinder of ice was jisrpondicnlar to 
tho surfaces of the two collars B and C 

As the weight of tho two non collars was over 4 5 kilos, much 
care was needed to prevent fioctnre of tho ice, which, niiless handled 
tenderly, broke with the least jar, on bcmn^^sertod in the machine 

The lower surface of the nppci, and the upper surface of the lower 
collar had been planed true, and brass rings fitted on them Ihese 
rings were also made plane surfaces They extended so far from the 
ice specimen that it was possible to nse callipeifs between tbe surfaces 
of these brass rings, without intei feronce with the larger ends of the 
conical collars The nng on B was provided with four small holes, 
90° apart on the circuniferracc, and by means of a small plummet 
the points on the nng of G (which nng was graduated roughly) that 
were vertically under tho four points on the nng above, were deter¬ 
mined By noting these gi aduationa it was rendered certain that the 
meesnres would always be taken between the same points m tbe 
upper and under rings Since the loo specimen was inserted m the 
apparatus with its axis vertical, the lines miasored betweta the 
points thus determined on the two rings, were, in each case, paiallel 
to the axu of the cylinder Tbe callipers used measured to the one- 
fiftieth of a millimetre. 
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I used the rings becanse I hare not been able to doTiae means, as 
yet, for so firmly fixing objects in the ioe that there Would be no 
danger of displacement by their own weight, or during the measure¬ 
ment by callipers. The results obtained are thrrefore affected by 
errors, if any, which may bo due to action at the collars, such as 
slipping tlirongh, owing to distortion of the conical enlargements 
This effeot is bnt slight at temperatures below the freesing point; 
though near and aboye freesing point the collars, when the ioe is 
nnder tensile stress, will not hold it, bnt, in the ronrse of a few hours, 
by distortion of its conical enlargements, it slips through them. At 
lower temperatures, to act as a cheek on the measurements taken 
between the rings on the collars, and to determine if any appreciable 
effeot was due at those temperatures to slipping through the collars, 
I gummed two pit'oos of paper on the ioe specimen near the top and 
bottom. On each of those a small pencil mai-k wss made, and Yij 
means of a rule, I got a measure of the distance between the points. 
By repeating this measure on a snbseqnent day, a rongh yalne was 
obtained of the extension between the marked points. The distance 
could be estimated to about the quarter of a millimetre, and showed 
that, with low temporatnrea, nearly all the extension observed was due 
to the stretching of the piece, and not to a shearing action of the ice 
in the collars. 

In the tabular results of three experiments which follow, the first 
column gives the date; the second the hour, reckoned from Berne 
mean midnight, at which the observations wore taken; the third 
column gives the temporatnre in degrees centigrade, read by an 
attached Kow-verifled thermometer, gradnatod to tenths of a degree; 
the fourth colnran gives in millimetres the mean of the distanoes of 
the points on the npper from those on the lower ring These dis- 
tanotis, four in number, were taken at opposite extremities of two 
perpcndionlar diameters of the rings. The next column furnishes the 
mean extension in millimetres in the interval that has elapsed since 
the last observation. The sixth column gives, in hundredths of a 
millimetre, the hourly moan extension deduced from the preceding 
rolnmn, and tho interval which has elapsed between the two observa¬ 
tions. The two next columns give, in kilogrammes per square 
centimetre, the mean and the maximum stress respectively. By the 
rapid evaporation from the ioe cylinder, even at low temperatures, 
the amount of this stress increased from day to day, with the same 
load at the further end of the compound lever. Since the evaporation 
was different at different parts of tho ioe cylinder, owing probably to 
variations in texture, and still more to the effect of the proximity of 
the collars to the ice above and below, which protected the ioe near 
them from evaporating so quickly as in other parts, the diameter of 
the cylinder at different heights varied. Thus the mean stress, aa 
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deduced from three measaremi nte of the diamoter, at the top in the 
middle, and at the bottom, differed from the maximum stiess as 
deduced from the total load and the hast area of section 

The last column but one in 1 xperimoiit No 1 girus the minimum 
temperatuie the piccoding night mtasuied not in the box but bj a 
thermomttor froely expi^id out < f doors Sinrt. tho ice sptoimon -was 
enclosed m the double box its tom)Kritnre did not sink as low as those 
given in this column The numbers litie aie only to be taken as sig 
nifying that the night nas or was nit specially cold Unfortunately 
in this experiment no maximum and minimum Umpeiatnro observa* 
tione were taken In bxpcriments 2 and 3 the maximum and 
minimum temperatures were observed when recorded by a maximum 
and a minimum thoimometer suspended m the box and their deter 
minations furnished tht isngeoi tompeiatin 

Ixpeiiment 1 

Mean oiiginal length of specimen not snhjoctod to 


tension measured at 9 15 on heb 7th =21348 mm 

Mean length with load of 5 5 kilos = 214 22 

Giving a sudden iiiercase ui length of 0 74 

Measured just afteiwaids it had Ik come = 23458 

Aftei 11 houis (at night) under same kal = 23498 

Giving a mean hourly extension of 0 01 

After 2 hours (temp —6 0”) the length been me = 235 04 
Giving an hourly extension of 0 02 


The load on the specimen was then increased to 12 5 kilos , and tlio 
mean length beoanie 235 12 mm 
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The ■peounon broke by a ]ar dae to the falling of a weight on the 
floor of the room 

On Febroary 27th the three observations were taken, with different 
loads on the specimen, directly after one another W itfa a load of 
5 5 kilos (the weight of the lower collar) there was an immediate 
extension of 0 22 mm , and when the load was increased to 12 5 Liloa, 
the extension at once increased by 0 04 mm 

The three expenroonts, of which the lesnlts are given above show 
that ice snbjeoUd to tension stretches rontiunonsly by amounts whioh 
evidently depend on the temperature and on the tensile stress When 
the stress is gieat, as in No I, and the tompeiatnre not very low, 
there aie appreciable extensions, as on hebrnory 15th, amounting to 
as much as 1 per cent of the whole length per dsy Wbeu the tem- 
peiatnie is lower, and the stress is less, the eYtension is less, bnt still 
sneh as can be measured So continuous and dehnito is the extension, 
that it oau even be moaanied fiom hoar to honr, as scon in Experi¬ 
ment No 1, when for hebrnaty 15tb and 16th canily measurable 
extensions were obtained tor mUrvals of two and three hours The 
quantities actually measured were generally both notably greater and 
less than the mean since owing probably to inequalities m tho dis¬ 
tribution of the stress and to vanations of texture in the ice, 
due to internal stiains produced in freesing one side of the spceimen 
would sometimes stretch 50 pet cent more than tlio other Hence 
diffeiential motions resulted in the ice Those motions and exten¬ 
sions took place at tcmperotuies which preclude all possibibty ot 
melting and legelation, ezpecially in Kxpeiiments 1 and 2 In Ex¬ 
periment No 1, it was found that in throe da^s, from Fcbtuaiy 13th 
to February 16th, the distance between two msiks on pieces of paper 
gummed on the ice increased from 200 nun to 203 mm, giving an 
elongation of ^ per oont per day This method fails at tempera¬ 
tures veiy near the freesing point, owing to the danger that by 
thawing the pieces of paper may alip, bnt is free from this risk at 
lower temperatures It is in any case very rough, and is only 
nsefnl as a obtek on the other measures since tliere is no question 
hero of slipping thiongh the collars How close tho correspond¬ 
ence in the results obtained is may be seen by obeervmg that m 
Experiment 1 there was an extension in nine days of 11 mm in the 
case of a cylmder of ice, which at the beginning of that tame was 
235 mm long, and this gives an elongation of just about | per 
cent per day, the aame as resulted from the three days’ observa¬ 
tion with the marked hits of {wper 

The experiments are to be regarded rather as proving the exist- 
enee of contmnous extension under tensile stress Hion as deter- 
mmuig its amount The quantities observed are fonotions of the 
stress, of the tune between two observations, and of the time inUy^l 
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dnnng that interval of the temperainre Owing to the rapid evapo¬ 
ration ftom ICO, oven at low temperatures, whon the snrfaoe is never 
liquefied, at snoh an elevation (6100 feet above sea level) as 8t 
Monts, in the Engadino where the observations were earned on, the 
specimen is subjected to a continnally incieasing stress Thu vena¬ 
tion in the stress can no doubt bo diminuhed bjr clothing the speci¬ 
men in flannel The cliango of temperature I oxpeit to diminish by 
filling the interval between the two sunonnding wooden boxes with 
some non conducting matei lal In thu way I have good hope that, 
on resuming the cxpeiiments next winter at 8t Montr, I may bo able 
to dote I mine more nearly the law of extension That there is such 
extension, and that it goes on oontinuonsly with all stresses above 

I kilo per square ccntimetie, and at all temperatures between 
—6“ C and f^oe^lng point, is shovin by the above expiiiments When 
ICC IS in a condition such that pressure with the point of a needle will 
cause a set of radiating fractures to pass from the point of contact in 
all directions, it stictohcs as cortamlj, although nut by so great an 
amount as when it will permit the passage Ihrongh it of the same 
neodle without showing tho hast trace of flaw or scar 

In the discussions, for th< most jnrt a pnott, on tho extensibility of 
ice, sufficient importance has not usually been assigned to the neces¬ 
sity of distinguishing between tho effect of even a small blow or jar 
and that of a much gi i iter force applied gradually and steadily 
during a long interval A bar of no may lieor a stress of 4 and 
6 kilos pel square centimetre if tho load is steady, which would 
fiactnro at once with a much smaller sudden stress, especially if not 
uniformly distributed 

In tho first experiment we notice a total extension in nine days of 

II mm In No 2 there is an extension of 1 8 mm in five days, and 
m No 8 of 1 7 mm in three days If we assume for tho moment an 
extension propoi’tiunal to tho time, we should thus get a mean daily 
extension in4he three exponmentsof 1 2 mm, 0 <56 rain , and 0 56 mm 
respectively To account for the discitpaney we remark that tho 
stress in No 1 is much greater than in 2 or 3, and tho temperature 
not so very low during the day, although low at night The effect of 
increased stress is well shown in Experiment No 2, on Febmary 2 jrd 
and 24th, where, on increasing the stress from 2 28 to 3 65 kilos, 
the extension m a day rises at once from 0 08 to 0 69 mm In No 2, 
for three out of the five dajs, the temperatures were below —6° C, 
whilst in No 3 there was a low stiess but oomparativelj high tem¬ 
peratures 

I n Experunent No 2 the large numbers obtained at first probably 
arose fiom the fact that in piepanng the specimen its conical ex 
pansion had frozen to the colloi C When the water mn into tho 
collar B began to fieeze it expanded, and tbrubt the loe upwards 
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Ai it WM frozen to the collar G, and therefore unable to expand 
npirards, since both collars were fixed to a frame, the ojlindrioal part 
of the ice bulged outwards, as in the usual case of a long oolnmn 
under compression. When the specimen was snbsequently exposed 
to tension, the efiPect of the latter was to straighten it, so that in a 
few days it no longer bulged out. The straightenii^ of the central 
line of the ice cylinder thus gave rise to greater extensions than were 
due simply to the extension of a straight bar of ice with an equal dis¬ 
tance in all azimuths between the rings 


“The Air of Sewers.” By Professor Thomas CabnellbY, 
D.Se., and J. S. Haldane, M.A., M.B., University College, 
Dundee. Communicated by Sir H. RosooE, F.R.S. &- 
oeived May 21.—Bead June 16, 1887. 

Owing to the complaints which had been made of bad smells in the 
House of Commons, a Select Committee was appointed in the spring 
of 1886 to inquire into the ventilation of the House In consequence 
of the experience wo had gained in the course of an extensive exami¬ 
nation of the air of houses and schools in Dundee (see ‘ Phil. Trans.,' 
vol. 178 (1887), B, p. 61), we wore instructed by the Committee to 
make a series of qn^yses of the air in the sewers under the Houses 
of Parl^ment, and to report thereon (see ‘Second Beport of the 
Committee,’ Appendix). Since then wo have examined the air in 
a considerable nnmbor of sewers in Dundee. 

Our object was, in the first place, to obtain a general idea of the 
amount of some of the more important impurities present in sewer 
air. But we have also endeavoured to throw some light on their 
sources, and on the conditions affecting their dissemination. With 
this view we found it desirable to supplement our observations in the 
sewers by a certain number of laboratory experiments. 

In spite of the great amount of discussion which has taken place 
in connexion with real and supposed danger from sewer air, theire 
have hitherto been but few analyses published of the air of sewers of 

The first and most complete set of analyses was that made by 
Df. Letheby in 1857-58 (‘Report to the City of Loudon Commissioners 
of Sewers,’ 1858). He examined the air of thirteen sewers in the 
City of London. The following are the means of his analyses;— 
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Oxygen 

Ifitrogon 

Vols of 
carbonic 

Marsh gas 

and 


100 grams of air depnred 
of water and carbonic acid 
gare after oxidation 

percent 

percent 

acid per 
10000 

■nlphurotled 

hydrogen 


Carbomo 

aud 

Water 

19 606 

1 

79 962 

68 2 

tmoe. 

Bather 

abundant 

1 247 grams 

1186 grams 


Unfortnnatoly no infoi mation w given as to the condition and moana 
of ventilation of these sewera 

In 1867 Dr Miller,* in an investigation on the action of charcoal 
air filters, made a nambtr of analysesin two London seweis The first 
senes was made in a clean and well ventilated sewei, and the second 
in a sewer desoiibod as tide locked and ill ventilated In the first 
senes (eighteen analyses) he found on an average 10 6 i ols and in 
the second (six analyses) 10 7 vols of carbonic acid per 10 000 vols 
of air In neither series (onld sulphuretted hydrogen ho detected, 
and in both senes the ventilation was by means of open giatings 

In 1877 Beetrt m Munich found 31 4 vols of carbonic acid and 
2 2 vols of ammonia per 10 000 as an average of five analyses 

As regards the mioio organisnu. piesont in sewer air the only 
analyses hitherto pabhshod are those of Miquol { He says, The 
atmosphere of sewers always saturated with moisture and constantly 
in contact with water mote or less filthy and loaded with putrefying 
substanees, is heaiily charged with baotens Judging hum a senes 
of experiments made in the sewer of the Bne de Rivoli in the neigh¬ 
bourhood of tlu point at which this sewer yoins the large collector of 
the Boulevard bebastopol there are present in the air eiroulating in 
this gallery 800 to 900 baotona per oubio metre ’§ (= 0 8 to 0 9 per 
litre) Ho also states that the air of the sewei oontams an almost 
constant number of bacteria, and that in snmmor the an of the Bue 
do Rivoh may exceed in impuiity by five or six times that of the 
■ewer, while in winter the air of the sewer may bo fiie oi six times 
more impure No details are furnished as to the condition and means 
of ventilation of the sewer nor as to the niunberof analyses on which 
theso oonolnsions are based 

• * Chomed Nflwi ’ Usroh 18th 1868 

t Quoted by hjumsun m Pettenkofer snd ZiemMon i Esndbncli der Hygiene^* 
vd 9,p 197 

£ ‘ Let Oigsnumu Ynsuts de 1 Atmoephtre,’ 1888 p 878 

I These nnmhert refer to the baotena o^isble of dereloping m s solntion ot 
Liahig t extract of lOSi speciflo gmnty placed in an incubator at 80^—86° 
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Hiflet (' Biedemann’g Gentralbl ,* 1680, p 227) states that air taken 
ikom above a sink was nch m micro organisms 

In detailmg onr own observations it may bo as well, in the first 
place, to give some account of the sewers in which they were made 
The mam sewer of Westminstoi Paliu-o,* in which our first observa¬ 
tions were made, ran along undeincath the open conrts in the centre 
of the bnilding from the neighbourhood of the Victoiia Tower to 
that of the Clock Town a short way beyond which it joined the main 
low level metropolitan sower Along its oonrsi it varied irregularly 
m height from 4^ to 10^ fett It was ventilated by suction fiom tho 
laige fnrnaoo at the foot of tlio Clock lower, and was cut oS by a 
penstock from the metropolitan siwei The an drawn into tho shaft 
of the furnace almost all camo fiom openings near tho Clock Tower 
end of the sower In tho lest of th« sewer there wore no open 
gratings, and the draught was feeble On opening the trap door of 
a man-hole near tho Victoria Tower there was an upward rush of air 
and condensed vapour, in spite of the vciy |K>werfnl suction at the 
other end of t1 o aewer The wet was flushed daily It was clean, 
and tho flow of sewage was pretty lapid The water fieqnently 
accumulated in tho sewer during lam owing to rise of tho leiolof 
the watei m thi metiopolitan siwtr Onr analjses were made when 
the water was escaping fr<tly 

The second set of analyses at Westminatci was made after the 
ventilation of the sewer hod boon altered by caiiying an additional 
shaft to the farnaoo and pi icing inlet gratings m suitable positions 
By this means the diaught ilong the sewer fiom the neighbourhood 
of tho Victoria Towti was much incieased 

We owo the facilities which wtio aftoided us for examining tho air 
in the Dundee sewers to thecomtesy of Mr Maikisou, Hutgh Engu 
neei We met with a lanety of conditions in these sowers They 
are all s entilated by open gritings placed in the ro id way at distances 
of about 50 yards apart, and also by tho open drain grids placed along 
each side of the road it distances of about 40 yaids Ihe flow of 
sewage was in almost oiciy case pretty rapid at tho tunc when our 
analyses were made Tho seweis in Commercial Street, Overgate, 
and Nothergate are egg shaped, that in Murraygato is a large ciron 
lai sewer Those m Beform Street and Dock Street had originally 
been large, old, fiat bottomed stone sewers, but had been partially 
altered by the sabstitution of a bottom similar to that of an egg- 
shaped sewer The Dock Street sowei is alternately filled and emptied 
by the tide, as is also the sewei in Commercial Street, opposite Ex¬ 
change Street The appioximato heights of the several sewers are 

* Thu lewor hu now (1887) been nploced by a pipe, on the recommendation of 
the Select Committee 


2 0 2 



Main Sewer nnder Houses of Parliament 


504 


Means ('^melley and Haldane 





I ’?S 'S !5 


s . 15 

,111 I 


Si I ^ a “ a 


(55 O) 




. Dan dee Sewera —eontinu 















Th« Avr of Sowert 


507 






fi08 Mecnn Camelle^r and Haldane 

given m the table of resnlte (pp 504—507) It will be seen that 
the eewers which we examined were all of considerable sise, large 
enough to be entered without gr^t difSonlty Our data, therefore, 
do not apply to small sewers and drains 

In each sewer examined we estimated simultaneously the amounts 
of carbonic acid ‘ organic matter, ’ and micro organisms, as m the 
case of our observations referied to above on the air of honsos and 
schools Analyses of outside air in the immediate vicinity of the 
sewers examined were made at as nearly as possiblt the same time 
In order to avoid as fu as possible contaminations due to our own 
presence we kept to leeward of tho apparatus employed in collecting the 
samples The methods employed were that of Pettenkofer for oarbonio 
acid, Gamelley and Mackie s modihcation of the permanganate process 
for organic matter * and Hesse s method for miiro oiganisms t The 
results obtained are given m tho preceding table 

Pop the purpose of giving a general idea of the relative impurity 
of sewer air wo have taken the averages of analyses A and B of 
sewer air and placed them alongside of the averages foi outside air 
at the same time and for various classes of houses and schools, as 
detemuned by ns m tho winter of 1885-86 and detailed in tho paper 
mentioned above 

The above table shows (1) that the air of the sewers was much 
bettor than one might have cxjieoted (2) that the carbonu acid was 
about twice and the organic matter rather ovei tbieo times as great 
as in outside air at the same time whereas the number of micro 
organisms was less (3) that m refereueo to the quantity of the threo 
oonstitnents namid the air of the sewers was in a very mnoh better 
condition than that of naturally ventilated schools and that with the 
notable oxoepnon of organio matter it had likomie tho adiantage of 
mechanically ventilated schools, (4) that the sewci air contained a 
much smallei nnmbei of micro organisms than any class of honae 
The oarbonio acid was rather greater than in the an of bonsas of fonr 
rooms and upwards, but less than in two and one roomed houses As 
regards organio matter, however, the sewer air was only slightly better 
than the air of one roomed houses, and mnoh worse than that of the 
other classes of house X These facts are brought out more dearly in 
the following table, in which the average quantity in excess of outude 
atr of each constituent in sewer air is taken as unity 


• ‘Boy See Froo, vol 41 p 288 

t ‘ VitthMlmigcn ant d«m k OewLadluHtiisaito,* vd 2 p 182 
X The data for all the olaitet of houeci rafer to ileepmg roomi when OoonpMd 
during the nifht 



Tlit Atr of SevKTt 


’M9 




Carbomo 

Organic 

Micro 



ooid 

n^ter 

organum* * 

Sewen 


1 7 

1 

1 3 

1 

7r 

Houae*'^ 

two root ed 

1 4 

0 4o 

bx 

1 

[four room! a 1 pwirls 

0 ^ 

0 S 


School!-j 

^naturally rent in 1 

4 0 

1 6 

17* 

L moohanioally rent kted 

2 i 

0 2 

2 ji 


On comparing the average amount of carbomo acid found by ua in 
aewer air with that found by earlier invoBtigatora (see above) it 
appears that the aewen wo examined must have been much better 
ventilated than those previously examined 

In our paper on the air of schools and houses we pointed out 
that in individual oases the ante unt of carbonic aeid is not a measure 
of the amount of the organic matter and number of mieio organisms 
present in the air at tl e same tune and that it is only when the 
average of a comparatively large number of oases is taken that the 
orgamo matter is seen to increase with the caibonir aci 1 while the 
micro organisms show no evident connexion with the carb mio acid 
and oigpnio matter In the air of sewers tho relation to one another 
of carbonic acid and oiganic matter is similar The micro organisms 
on the whole decrease as the other constituents increase This » 
shown in the following table m which the organic mattei and micro 
organisms are compared in amount with the oarbonio acid as a 
standard ihe table is constructed by dividing all tho oarbonio acid 
determinations into three equal groups according to the amounts of 
oarbonio acid found and then taking tho average of tho coriesponding 
orgamo matter and micro oigamsm deteimmationa in each group 



Xtinjie 

lature 
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Total — 





4 9— 6 2 Toll oarbonio acid 

66 8" 

6 7 

6 1 

8 7 

6 7—79 

68 1 

7 8 

6 3 

6 4 

B 6—10 0 

68 0 

9^ 

10 5 

6 4 


* In this osM we have lepneented the relation of the number for eewer air to 
tiiat for air in four roomed houeee by « le the oalou l ated number for lewer air la 
asistiTe The real value of « murt be between f (-i 18) end uflmty 
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Tempo 

Carbonio 

Orgaau 

Hioro 


ratun 

aotd 

. 

matter 

organumt 

In oxoeM of outsl 1o air at saine tune — 





0 4- S fi Tols carbonic acid 

7<f 

1 76 

2 a 

- 6 0 

1 2 8—4 1 

6 6 ' 

3 6 

6 3 

- 2 9* 

j 4 7-7 9 

46 

0 0 

b 8 

-18 2 


Suuicet of ihf tetct al Itnpurthet tn Sewer A%r 

The source of oi^nto inat(».r present in sewer air over and above 
that present in outside air at the time is of course the sewage 
itself The organic matter aiisiug from the sewage is most pro- 
bablj wholly or for the most part gaseous for the conditions which 
cause the number of micro organisms n sewer air to be less than 
in outside an vi ould also affect any solid organic matter or dust in 
a similar manner so that we shonld expect the sobd organic matter 
in sewer an to be less than m outside air at the same tune The 
gaseous organic matter arising from the sewage itself will pro- 
tebly be of two kinds, that volatile per $e and that volatile with the 
aqueous vapour from the sewage water Organic matter may also get 
into the air in oases where splashing oooun from the entry of a side 
dram high up in the wall of a sewer 

The coilxmio acid m sower air over and above that m ontside 
air may have two sources It may be due to diffusion into the 
sewei from the neighbouring soil but probably its chief sonroe is 
oxidation of oigamo matter in the sewage and the air of the sewer 
Miller many years ago demonstrated the existence of such oxidation 
in the lhames when it was the recipient of all the London sewage 
He showed by a senes of analyses of the gases dissolved in 
Thames water collected at vanons points above and below Ijonulon, 
that from Kingston to Greenwich the oaibonio aoid increased, while 
the oxygen i apidly diminished 

Two possibilities occur as to the sonroe of the majonty of the 
micro oiganisms in sewer air They may m the first place be de 
nved from tbe sewage and sewer walls If this were so to any 
great extent wo shonld expect their numbers to inorease with the 

* The inegolsiity hen u due to the reeolts in the Dock Stnet lewer, which was 
essnuned on a dry and windy day when the mioro or^itms in the ontside air 
wen veiy numerous owing to dust so thst tbe difference betwem outside air and 
sewer air was vety gnat (see the large table of reeolti p SOO) In the first 
o l isw flc ation one of the Doek Street anaiysec tklls into eaoh clase tn the eeoond 
elaeeifloBtion two fall into the third class Isavug none in the second olase If the 
Dock Street analyses wen left out orif the third elaas began at 4 9 vols of earbonie 
add inatsad of at 4 7 the deorease m mioro organisins would mu quite legnlariy 
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length of time daring which the ur is present in the sower, and there- 
fore with increase in the oarbonio acid. Bat it has been shown above 
(p. 509) that the very opposite is the ease, the micro-organisms be¬ 
coming less numerooB with increase of carbonic acid. We have also 
olaesifiod the whole of oar obBorvations according to whether they 
wore made at points where there was a strong, moderately strong, or 
veiy feeble dranght. Here again it will be seen that the results are 
against the theory that the micro-organisms come from the sewer 
itself. 



Carbonic 

Organic 

matter 

orgftninDf. 

Strong dnnght. 

fi 6 

6-7 

»•» 

Koderate dnaght. 

7 6 

8 8 

8 0 

IdUle or no draught. 

0 4 

8-1 

6 7 


' Tnei 

ccti of onteide air. | 

1 Carbonic 
acid. 

Organic 

matter. 

Micro* 

orgumint. 

Strong draught. 2 '6 

3 6 

- 2 8 

Modriato draught. 3 0 

6 e 

- 0-2 

Little or no dnnght. 6*0 

6-6 

-U 8 


A similar result WfkS obtained from oar observations at West¬ 
minster, where we made six observations before, and six after the 
improvements in the ventilation referred to above. 



Carbonic 

Organic 

Micm. 


««d. 

matter. 

OTgaQumf. 


7 8 

11 0 

7 

Avera^ after implement. 

8-2 

2-7 

10-8 


The only other source for the micro-organisms of sewer air is con¬ 
tamination from the oatside air. The same argameuts which, have 
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The mere &ot that the average niunher fonnd in the sewer air (8 9) 
was leas than that m outside air at the tame tune (16 9) u itself 
a strong ailment in favour of the origin of most of the micro* 
organisms from ontsido air If the air takes np micro orgamsms in 
its conrse along a sower, we should expect the number to increase 
rather than dimimsh during ita passage, whereas the opposite is the 
case, doubtless from gradual settling of solid partioles This settling 
IB perhaps even greaitr than appears from our analyses, as it was not 
practicable to take specimtns of outsido air at the gratings m the centre 
of the roadway with the traffic proceeding as usual At these pomts the 
contamination of the air by solid particles of urganio origin would of 
course be at its maximum 

It will be noticed that in the analyses made at Westminster the 
numbers obtained for the sewer air close to the Clock Tower were 
always laigei than those for outside aii (see Table, pp *>04—hOo) Not 
much stiess can, however be laid on this fact, as a great part of the 
au passing along the sewer at this point came from a side dram near 
the Clock Tower, leading from a point where the outside air was much 
more likely to be contaminated by dust from tiaflio than m the central 
court where the outside air analysos wete made The outside air de¬ 
terminations at Westminster apply s^otly to the sewer determmations 
neai the Victoria Tower and lotcben, as these determinations were 
mode just at the opening of the inlet grating ventilating this part of 
the sewer It will be seen that the micro oiganisms inside the sewer 
decreased in proportion to the dectease in those present in the outsido 
air 

Another argument m favour of the ongm of most of the micro¬ 
organisms from outsiJe may bo deiivcd from the fact that the 
average propoition of moulds to bacteiia was nearly the same m the 
sewer air and corresponding outside air, 1 to 9 in the former and 1 to 
8 in the latter Weie the micro organisms in sewer air mostly de¬ 
rived fiom a different source than outside air we should expect the 
proportiun to be different Thus in two oases refen ed to below, m 
which the mioio organisms were evideutly derived from splashing m 
the sewer, among 128 micro organisms there were no moulds In the 
micro organisms present in the air of naturally ventilated schools and 
one roomed houses, the average proportion present was found to be 
1 132 and 1 49 respectively, ss ag^nst 1 2 6 in the corresponding 
outside air (' Phil Trans 1887, B, p 99) 

A final argument is that so bu* as a naked eye examination of the 
colonies allowed one to judge, the micro organisms in the sewer air 
we examined were, with perhaps one exception, similar to those m 
outside air The exception refeired to was in the case of some very 
rapidly liquefying oolomes which occurred m several samples of sewer 
air, ooUeoted at points where then was more or less splashing 
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Theae possibly came from the sswer itself, as wn have not observed 
in oniiide air or in bnildings any colonies which liquefied the jelly 
aa rapidly or ao eztenaiTely 

The oonolnsion thus amved at as to the aonroe of moat of tho 
Buoro organisms present in sewer air is perhaps, at first aight, 
oontrary to what one might have expected It is in agreement 
with the fact that the state of cleanliness or filthiness of a sewer 
seems to have no perceptible effect on the number of micro organ 
lams present in the air of the sewer Thus two obaerrations on 
two different days and at two different points of the dirtiest sewer 
we exammed, gave only 2^ and 12 micro organisms respectively, 
as compared with an average of 4| and 9 in other and cleaner 
sewers on the same days Our oonclnnon is also in agreement with 
what IS known aa to the distribution of bacteria in air Nageli 
(' Die Niederen Pilse, pp 109 111) has shown that liquids or damp 
Bubstanoes do not, with ordinary air currents give off rnioro* 
organisms to the surrounding au He even fonnd that air drawn 
thi-ough gravel which had been svturated with filth an! then diied 
gave off no micro organisms (p 1( 9) Miquel ( Oomptes Hendns * 
vol 91 p 64) states that tho vapour of water ribiug from tho soil from 
livers or from mawos in full putiofaction is free fnm germs that 
the gases evolved from decaying substances and the air passed over 
putiid meat aie free from geims provided that the putrefying sub 
stance is as moist as soil taken 0 3 metre fiom the surface The 
expel iments of Professor hrankland ( Roy Soo Proc vol iS 1877, 
p 542) also point to the impiobabil ty of micio organisms being 
disseminatod m an by such agitation of a liquid as that produced 
the flow of sewage along a sewer On the other hand it is well 
known that the micro organisma already present m air are always 
tendmg to sink to the ground On this tact Hesse a method depends 
Hence air in its passage along a sewer will presumably tend to 
gradually deposit its micro organisms especially if the air enrrent is 
slow 

In order further to elucidate this point, and in particular with 
regard to the dram pipes leading into houses wo made some expen- 
ments with an artificial dram pipe Ihiongh the side of a wooden 
box, AB, there was passed the end of a piece of glass tubing t>D, 
5 feet long and If mebes m diameter, and open at both ends In the 
opposite aide of the box there was a hole by means of which the air 
inside the box oonld be connected with tho entrance to a Hesse s tube, 
and the imero oiganisms thus determined Through the roof of the 
box there passed a chimney in which a draught was maintained by 
means of a small flame F kept burning at the bottom This, of 
oonrse, caused aoorrespon ling draught through the bug tube and mto 
the box A constant stieam of water was kept mnmng abng tiie 



514 


Mesas Carnelley and Haldane. 



bottom of the ozpenmontal sewei tlu siles of which were also 
moisti ne<l before each expii tment By estimating the micro organisms 
in tho au at the mouth < f the tube and in the box the diffenence 
I aused by piasago of the an along the tube could be dettrinined 
The rate of the cmietit of air through the long tube was in all tho 
expenintnts 5 fttl m six seconds The detciminations vieie made 
simuItanLously attoi the diaught had been tstalhshed for a short time 


No of 
(xpcnuicnt 

Quantity of 
air aspiratid 
t) ruugb 
UetH B tub 

Air of Inboiatonr (b f le 
puung through t ibe) 

Air of box (after paaaing 
through tukl 

Total micro 
orgftnuiiM 

Moulla 

Total micro 
organumi 

Moulda 

1 

i litre 

200 


100 


i 

* litre 

JOo 


141 


1 

o litrea 

1 

0 

3 


4 

6 litrea 

J 

0 

i 

1 

6 

6 litrea 

1 

1 

1 

0 

6 

t Utre 

344 

17 

130 

42 

7 

t litre 

2.1 

67 

176 

73 



111 

23 

1 “ 

S3 


In Nos 1, 2, b, and 7 the air was lendered dusty by shakmg mats 
in the room Bos 8, 4, and 5 were made with the air of the labora¬ 
tory in its ordinary condition 
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It will be teen that the Tnioro-organisms wore diminished bj nearl 7 
one half in pammg along the tnbe Thu oonOrms onr oonolnsunu ae 
to the setibng of mioKMirganums m sewer gas The micro-organisma 
wottld settle ont of a drain.pipo especully with great rapidity 
Judging from the rate at which they settle in a Hesse's tube, air 
standing in, or passing along, a 4-inoh drain-pipe would become 
entirely free of mioro-organisnu within three or fbni minutes Hence 
it seems improbable that micro organisms can penetrate into a house 
from a sewer nnless with a pretty lapid onrrent towards the house 

It will be seen from the table that the moulds are more nnmerons 
in proportion to bacteria after the air has passed through the tube 
thsm before This u dne to the fact, first observeil by Hesse, that 
monlds &11 through air less rapidly than bacteria We should expect 
to find a similar alteration in the proportion in badly ventilated 
sewers, but onr obsenations in sneh sewers were not sufficiently 
numerous to enable ns to say whether thu is actually the case 

Although, as has been seen, most of the micro orgamsms present 
m the air of the sewers wo examined seem to ha\o come from the 
outside air, yit in some casts wo had distinct ovidento of the 
dissemination of micro organisms from sen ago itself In Dundee a 
few, and at Westminster a laigo pioportion of the diaiiis weie found 
to enter the sewers through tho roof This gave nse to a i onsiderablo 
amoont of splashing, the effect of which on thu dissemm ition of 
mioro-organisms in the air it seemed of great im(x>rtanco to investi¬ 
gate The following observations m the seweis bear upon this point 
An analysis was made within about 2 feet of a sliowor of witer pro¬ 
ceeding from tho roof of the Dock Strict sewer, tho diaught being 
vei^ slight Tho number of mieio uiganisms picscnt was 103 (all 
bacteria) An analysis made shortly afteiwanls a fow foot to wind¬ 
ward of the shower of water gave onlj twelve micro organisms 
During one of the analyses mode at Wistminskr, a sudden and veiy 
violent shower of sewage oceuntd about lO feet to windward of the 
tnpod carrying the Hesses tube In this tase tho nnmlier found 
was 25 (all bMteria), wheieas an analysis made at tho same point 
a few minutes later aftei the drippmg had ceased, gave only eight 
micro organisms One of tho analyses in tho Hnrraygate sow or was 
made within about 30 feet of tho pomt where the Hill Town sower 
enters the Mnrraygate sewer there being a draught of about 2 feet 
per second from this pomt to the spot wheio the analysis was made 
The Hill Town sewei has a stoop mehne, and the water contained in 
it mshes down with great force, forming a soit of water-&U, the roar 
of which sonnded most impiossivo as it echoed along the sewer The 
tnalyais only gave three micro organisms per litie * 

* The low Diunber thni obtained was pontbly osing to the foot that the weite 
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Messn. Camelley and Haldane. 

From the first tiro observations it appears that mioitMirganisins 
are nndonbtedlj dissemitiated in sewer air by splashing'; bat whether 
they are carried far in the air cannot be decided from the above 
experiments. The point is one of great practical importance, as the 
microorganisms in question are those on which most sospicion 
of properties injurious to health naturally falls. Hence we thought 
it desirable to make some laboratory experiments with a view to 
elucidating the matter. 

In connexion with the effects of splashing we also investigated the 
effects of the bursting of babbles. Professor Frankland (* Boy. Soo. 
Froo.,* vol. 25, p. 542) has already made experiments on this point by 
means of lithia solutions. He found that hthia was disseminated in 
the air and carried to a considerable distance, when a solution of 
lithia was made to effervesce. Hence the presumption is that micro¬ 
organisms might bo disseminated in a similar way 

Our experiments were made with the artificial drain-pipe arrange¬ 
ment desenbed above (pp. 518->-514). Control determinations of the 
air in the box were first made after the draught had been established 
some little tune. A putrefying solution was then poured from a height 
into a vessel placed at about 6 inches below the end of the glass 
tube, so as to imitate the splashing in a sewer; or effervescence 
was brought about in the same solution, placed at the mouth of the 
long glass tube by adding uodium carbonate and hydrochloric acid, 
or by blowing snudl and numerous jets of air through the putrid fluid 
by means of a fine rose from an ordinary garden hose pipe 

water from a dje worki wai dierharged into thu aewer, aocompaoied bj a diitinct 
finell of ohlonne at the time of our experiment Tbeie ooDditiouf pombly 
exerted a duinfectmg action 
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Tht Atr of Seteett. 

These resnlts aie very decided, and confirm and extend for micro* 
organisms the results obtained by Professor IranLIand for hthia 
solutions They show conclusively not only that micro organisms are 
disseminated m seutr air by splashing but that those having this 
origin may be earned to a considerable distance along a sewer or 
drain pipe Calculating from those ezpcnmentM, air vitiated as 
above desonbed, and to a simdat extent would still contain about 
400 micro organisms pir litre after travelling about 60 yards, lu a 
sewer 5 feet high and with a draught of about 1 foot pei second It 
IS therefore of the greatest importance that sowers and drains should 
bo so arranged as to avoid splashing os much as possible 

Th» Phytwlogvoal Effecti of Unorgantael Organic Mailer sn Sewer A*r 

In view of the fact that oidinary sowot air m the absence of splash* 
mg, turned out to be to all appearances comparatively mnoeent as 
regards its micro organisms and assuming that it has an mjurioua 
effect on health, we directed farther attention to the unoiganised 
orgamc matter present in it Of organic compounds most likely to 
produce some of the bad effects ascribed to sewer air, volatile 
ptomamcB* at onch suggest themselves on account of the intensely 
poisonous properties possessed by various known ptomaines f We 
therefore endeavoured to ascertain whether sewer air contains any 
poisonous volatile bases For this purpose air was drawn continnously 
foi thirty four days from the sewer side, below the trap, of an earthen 
pipe, which acted as the drain from the College water closets and 
nnnals This air was babbled continuously thiongh very ddute sul* 
phnno acid, m order that any basic substance which the air contamed 
might be retained The solution thus obtained was subsequently 
neutialised exactly with ammonia, and evaporated to dryness on a 
water bath The residue was dissolved and injected subcutaneously 
into rabbits, but produced no effect whatever, even in doses of a 
gnaa of the diy substance Evidently if there was any poisonous 
substance in the air, it was not contained in the residue injected 
Unfortunately this experiment is not conclusive, on account of the 
instability of many of the oi^ganic bases in question 

It poisonous oiganio substances had been present in serious quanti* 
ties m the air of the sewers we examined, we should presumably have 
ourselves felt some effects from them, as we were sometimes in the 
sewers for several hours, more or less oontinnoosly We could never 
observe any bad effects, however, from our stay, although we were 
previously qmte nnaoenstomed to entermg sewers 

* FtoBwlDM are hstio utrogenooi oompoundi fonnsd by the dsoompositioa of 
annual or vegetable matter 
t Of Bneger, Ueber Ftomilne, 1886-86 
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MO Messra. Carnellej and Haldane. 

BwperimenU on tlio ^ffldeney of Water-irapt. 

The means commonly employed for preventing the escape of sewer 
air into houses is the ordinary water-trap Since the experiments of 
Nageli (* Die Niederen Pilze,’ p 109) it has been known that these 
traps, when acting properly, absolntely prevent the passage of micro¬ 
organisms But it IS evident that they cannot altogether prevent the 
passage of volatile constituents of sower air, and we thought it worth 
while to make a few experiments on this point We were not aware 
that the matter had already been experimentally investigated by 
Feigns (‘ The Sewage Question,’ 1874), who employed methods simi¬ 
lar to those nsed by us As, however, the test substances used by ns 
wore nearly all different from those employed by Fergus, it may be 
well to give the results of our experiments A leaden y-shaped trap, 
A, B, C, 2^ mches in diameter, and with a seal, a b, of 3 inches in depth, 
was closed at each end, A and C, with a sheet of india-rubber 
stretched tightly over the month and fixed with wire, each sheet 



being perforated by a hole in the middle. The trap was then filled 
with water, and a glass stopper placed in the aperture E, while the 
neck of a flask D, oontaining the substance undw investigation, was 
fixed through the india-rubber sheet at A. The whole was then left at 
rest, and observations made from time to time by removing the stopper 
and asoertaining whether the smell of the substance in D conld be 
detected at E. In other oases a tightly fitting inverted test-tnbe, 
oontaining litmus or other test-paper, was inserted at E, in place of 
the glass stopper, and observations made as to when the test-paper 
was first distinctly affected. The results obtained are given in the 
following table 
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i}22 TheAvrof Sewfrs 

Fergus found thut free ammonia came through a somewhat similar 
trap lu 15 minutes carbonic acid in hour, sulphuretted hydrogen 
in 3 to 4 hours, &c He also refei-s to similar experiments in whioh 
a ventilating pipe was placed between the substance oxpenmeuted on 
and the trap in which the result was much the same, except that the 
tune occupied in penetrating the tiap was longer 

1 hough it 18 thus the case that water traps after some time allow a 
certain amount of vanons volatile substances to pass through, yet it u 
hardly conceivable that the small amount thus allowed to pass can 
have any appreciable influence on health 

We do not propose to outer hero on any geneial disoussiou of the 
effects of the inhalation of sowei air on health Ihe results of the 
foregoing mvcstigations are clearly such as to make us much more 
suspicions as to supposed endanoe of the bad effects of ordinary sewer 
air such as that of the sewers oxammid by ns At any rate it is 
evident that sewer gas unless it has been i itiated by splashmg, 
has a much less deadly composition than is often supposed It must 
be remembeted however that the matter cannot in the present state 
of our knowledge be settled by analyses alone thongh analyses may 
serve as a gmdo m tho investigation 



OBITUABY NOTICES OF FELLOWS DECEASED 

JOHir Thiopbilus Boileau son of Thomas Boileaa, at one timo a 
irell known solicitoi in Galontta, and afterwards Chief Magistrate of 
that was bom there May 26th 1805 Hu maternal grandfatheri 
Colonel Jessap, was an American Loyahat who snfFered severely tor 
the support he gave to the King a oaose The Boileaa family ure of 
Hngaenot descent 

In 1819, when still mnoh under fifteen, he was nominated a oadeb 
to Adduoombe by Charles Mat^onbanks of the El Direction 
Among hu contemporaries were several whose names are more or less 
piomment m modem Indian hutory, snoh aa Henry Iiawronoeand hu 
elder brothei Oeorge, James Abbott (of Khiva), with hu brother Sir 
Frederick Boilean, aged 15|, passed out of Adduoombe for the 
Engineers, December 19,1820, and after a short practical training on 
the Tngonometnoal Survey, and at Chatham under Colonel Charles 
Paaley, went to India, arriving at Fort William September 22ad, 1822 

The Corps of Bengal Engineers was m those days a very small one, 
its cadre including only thirty six officers, and, it they entered it with 
a somewhat imperfrot training, the manifold and incessant work into 
which the young ofificers were speedily plunged affoided them at least 
ft veiy vaned experience During the first twelve years of Boilean’a 
•emce we find him engaged aa executive engmeer in the constmo- 
tum of fortifioabons, roads, barracks, an important oburoh and gaol, 
ft considerable suspension bridge, and what not, and (among other 
duties when stationed at Agra) on measures for the conservation of 
the splendid buildings left there by the Mogul dynasty, including the 
Ta] itself 

He mamed in 1829, and made a voyage to Europe with hu 
family m 1837 Whilst at home he published a work which has had 
eottensive use among surveyors, and of which he had already issued a 
lithographed edition in Indu (1836) The London publication u 
entitled " A new and complete Set of Traverse Tables, showita^ the 
Diffinenoes of Latitude and the Departures to Every Mmnte of the 
Quadrant, and to Five Flaoos of Deoimals, together with a Table of 
the LmigUu of each Degree of Latitude aud corresponding Degree 
df Longitnde from the Equator to the Poles, with other Tables nseful 
to tbs Surveyor and Civil Engineer By Captftin J T Boilean, 
B B10 Bengal Engineers London W H Allen & Oo, Leaden* 
hftU Street, 1839 

* A nets in Oensnl Boilasa i handwriting dated Uth Voveuber, 1680, i 
’Thaas !teve»e XsUm wan pitpsNd to fisahiate the eoBpstation ct the ansa a# 

I 



It also exemplifies Boilean’s constant sotiritjr of mind, that he 
published, at this early date, a report of his own “ On the Praotioa- 
bility and Expense of a Plan proposed for Gonstruoting Docks in 
Diamond Harbour on the River Hooghly, and for uniting them 
with Calontta by a Railroad, together with an Estimate for the 
same.*' 

It was at this time that the intereet of the Royal Society in 
magnetic observation, which bad been originally stimulated in 1836 
by a letter of Humboldt's to the then President (the Duke of 
Sussex), and had been maintained by the seal of Major Sabine, 
was at its height. The Society recommended the Court of Direo* 
tors of the E.I. Company to take part in the institution of mag- 
netio and meteorologioal observations, which (chiefly through the 
influence of Colonel Sykes) they decided to do. Boileau and two 
ofiicera of the Madras Engineers, lieutenants Ludlow and Elliott, 
were appointed to establish and take charge of observatories at Simla, 
Madras, and Singapore respectively, ai^d all three went to Dublin in 
November, 1839, to receive from the lato Rev. Dr. Humphrey lioyd, of 
Trinity College, a course of that preparation for their duties which 
that eminent philosopher alone oonld then impart. Captain Boileau, 
before he left again for India, was eleotod a Fellow of the Royal 
Society^ and also a Fellow of the Royal Astronomical Society. 

The three Indian Engineer officers embarked in February 1840 
for Madras, reaching that port in June, where they separat^ and 
Boileau with his instruments proceeded to Calcutta. He reached 
Simla on the 24th of SeptembOT, some weeks before the arrival of 
his assistants with the instramento. He had taken observations of 
dip on his palankin journey, by the way, at Allahabad, Futtehgurb, 
Bulandshahr, Kam&l, Amb&la, and B&r (at the foot of the hills on the 
road to Simla). He was also fortunate in securing for his magnetical 
campaign the hearty interest of the Bov. John Henry Pratt, after* 
wards Archdeacon of Calcutta, a man not less well known for his 
soientifio acquirements than beloved for his character. 

Captain Boileau selected for his observatory a mte on what was then 
called Bentinok Hill, but which has since been known as Observatory 
Hill, and which in the rapid revolution of administrative events in 

TiUage lands by tbe oflto* of the OorsrnnMDt Bsvrans Surviy, and bars gpoe 
through soreral editions. They are the first srsr pnbliihed for ugnlar vtlnse tg 
singls minutes of aro, or to fire plaoss of decimals for distanoes. Their great 
utility, both for the abore purposes and for surreyiag in general, has been aokaow* 
ledged by letters from the United Btatee of America, from the Bra^, from Anstnrita, 
and from India.” Btdlean's tables are iu habltnal Use at Cooper's Hill OoUega. 
Tntverss tables ara intended to wve tbe osbmietionsof triangles inordinaiyenrreya 
by showing by mspeetion the amount in linear measurement of the dilterenoe of 1^ 
tnde and depaitnra (is., of longitude) for any beering and distanse. 



ImSift hM reoently been eeleotod as the site for the Vioeroy'i official 
raaidenoe. 

The obaerrations were continued from 1841 to 1846, though their 
maintenance had been occaeionalljr menaced with interruption. Thia 
k referred to more than once by Boileau in the oorrespondence 
whiob be maintained, during the earlier yeais of hie work at Simla, 
with Dr. Humphry Lloyd. Under date 15th September, 1842, he 
writes:— 

“ We hare now in Simla all our Chiefs, ns., Lord EUenborough, the 
Qoromor of the N.W. Prorinoes, and the Commandor-in-Chief. 
The Goremor-General has not yet been to see my works, but he haa 
expressed himself in such terms respecting the Observatory that if it 
is left to his Lordship’s pleasure, the continuance of its observations 
will bo short indeed. He calls the establishment of the Company’s 
oorresponding stations an English (or rather a Home) job; and I 
have not the least doubt that both himself and the Government of 
India at Calcutta are doing all they can with the Court of Oireotors 

to procure the abolition of the Indian Observatories. 

Government have twice applied to me to know how long my “ experi¬ 
ments ” and “ the Magnetic Survey ” are to continue, and I have 
both times replied that the series of corresponding observations upon 
which 1 was engaged could not terminate until the 30th June, 1844, 
atwwlHtpjU.” 

I8th December, 1842: “ We have got rid of all our great people, 
bat my Lord EUenborough has bid me attend his grand doings at 
Fsrospore on Christmas Day, whither accordingly I am bound on tiie 
21st. Thia wiU cause a delay of three days in our opening the New 
Tear, but there is no help for it. The return of our armies from 
Oabd promises a lasting peace to India, and I hope will also extend, 
almost indefinitely, the existence of the Observatory.” 

17th October, 1842: ** I see by the pnper that H.M.’s Observatories 
•re to be continued for three years, and if any good is to come out of 
our work, ours must be so too, though the Govomor-General told me 
• fhw days ago that 1 must not reckon upon more than one year more 
•t Simla. Sinoe then the news of onr victories and the re-establish- 
mont of British supremacy in Afghanistan has come in, and a ftw 
dagra sinoe the accounts of peace with China, so that the molUa 
Umpora f<mH have arrived, and if yon deeire our oo-operation for a 
father period, this is the time to ask for it. The peace saves onr 
wrmamA at least one and a half mUlions a year. The extra 
•tpenee of four (three P) observatories is about £3,000 sterling per 
»«*■"«« only. Lord Auckland absurdly estimated it at £10,000 a year, 
vhioh was snough to frighten the Court of Directors out of their 

The correspondence ehows that Major Boileau not only ks|^ 
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Uie regular tamudaya, bni oertam oibera also priiwtelj arranged by 
Sir James Boss. Disturbancos proved to bo of pretly frequent 
oootirrenoe. He sent borne traces of eight in 1841, of three in the 
month of Febmary, 1842, and othera in Angnst and September, 1842. 
These and the whole of the six years' magnetioal obaervationa remain 
unpublished—a oirenmstanoe which might have lent greater force to 
the objections of Lord Ellenborongh bad he been able to foresee it. 
There are some oiroumstanoeB not easy to explain in oonnexion with 
this fltet. That the magnetio observations were not pMithed and do 
rtot exut in print is indubitable. But whether they were notprwitsd 
is subject to a onriona doubt. The Government did sanction for this 
purpose a printing establishment on a liberal scale, which was set up 
by Major Builean first at Simla, then at Ambdla (in or about 1847), 
and snbseqnently at Meerut, when he had been transferred to that 
station. And in a memorandum of his employments and services, in 
bis own handwriting (dated 21st March, 18t>7) he enters:—“ Suptr- 
inimdeii the prittiuig of ihs whole of the observatioiu taken at the Simla 
itation. . . . This press was exclusively employed by the Qovmm- 
ment N.W. Provinces in printing Government work, and acquired a 
high raputation for the accuracy and neatness with which especially 
its tablework (forms of figures) was executed. After completing the 
otijeet for vbieh it was ettaldiiihed ta conneawn with the Simla Magnetie 
Obeervatory, it was transferred to the College for Civil Engineering 
at Boorkee, to which it is still attached. , . 

Also in a letter to Sir Heni^ Lefroy, dated 18th July, 1883, 
General Boileau writes:—“ The whole of the records and instruments 
of the Simla Observatory were destroyed by fire in the year 18118, 
owing to the cases in which they bad been packed for transmisaion to 
England, on my retirement from the Service in the beginning of 
1857, having been transferred dnnng the Mutiny from the safe 
depository in which they had been placml by me, into a Btore>room in 
which large quantities of dooiy bedding had been stored away, and 
which had taken fire, or been set on fire, to the utter annihilation 
of the instruments, records, and printed obeervatione of the Simla 
Station.” 

The letter last quoted proceeds “ Copies of the monthly ahstnots^ 
however, of the magnetio and meteorological observations of the 
Simla Station had been regularly forwarded by me to tiie Royal 
Society, and from them, with the lanotion of the ^vernment of Indi^ 
and by the kind aid of the Royal Society, the meteorologioal obeerva> 
tions of the Simla Observatory were printed and pablished nnder 
my snperintendenoe in the year 1872. 

"Xbns of the magnetical obeervatione of-the Indian Oheervatoriee 
have been printed; although even at this distant time ihs resnltSi'if 
published in a condensed form, would be of great intereet." 



It wonid •ppear tiiat the meteorolc^oal obeervationi, tUI printed 
m London in 1872, stood on the same platform with the mag* 
netioal. And in the absonoe of any exact information, periiaps 
the impouibility of now reoorering it, what I shonld dednoe from 
Boilean’e etatemente is this:—that all the Simla observations were 
printed by him at his Observatory press, but that for some reason, 
very possibly his desire to accompany the publication with prolegomena 
and some indication of resnlts, for which he never fonnd time in 
India, he was induced to defer their issue; that he had intended to 
carry the work to completion in England after his retirement and 
establishment in a home there; but that, in oouseqnenoe of the break¬ 
ing out of the Mutiny shortly after his departure from India, the 
deqiatoh was delayed, and m the following year the fire occurred 
which consumed the whole. 

We may here insert a list of books of tables of divers useful kinds 
which were prepared and issued by Boileau during his residence at 
the Observatory, or in the iramodiately snoceeding years. 

1. Tables (from Apjohn’s formula) for determining the Elastic 
Force of Aqueous Vapour. 

2. Ivory’s Tables of Mean Astronomical Bufractions; Bevised and 
Augment^. 

8. Mathematical Tables; comprehending Logarithms of all 
tTumbers from I to 10,000, also Logarithms, Sines, Tangents, and 
Secants, to Six Places of Decimals. 

4 Oltmann’s Barometrical Tables. 

6. A Collection of Tables—Astronomical, Meteorological, and Mag- 
netical; also for Determining the Altitudes of Monntams; Com¬ 
parison of French and English Weights and Measures, Ao. 

6. Tables of Wages and Bent; of tho Value of Goods; for oonvert- 
ing Seers and Chittaoks into Decimals of a Mauud, also Annas and 
Fioe into Decimals of a Bnpee. 

7. Tables for fsoihtating the Computation of the Time from single 
Altitudes. Boorkee, 1858. 

To these we may add:— 

8. Meteorological Observations made at the Msgnotio and Meteoro- 
logioal Observatoiy at Simla daring the years 1841-45, under the 
direcBon of Lient.-Colonel J. T. Builean, F.B 8., Superintendent ol 
the Observatory. Pnblisbed by Order of the Bight Hon. the Seore* 
tyiyof State for India in CouneiL 

Bmleaa’s work while at Simla wm by no means eenfined to that of 
the Observatory. Daring the years he spent there a great variety of 
oeoasional and nsofnl tasks were either oommitted to him hj Govern* 
nunt, or voluntarily undertaken. 

After the Observatoiy wotk came to an end, Boilean filled the ofiloe 
of Saparintending Engineer saocescively at Amb4lt and Meant, tUl 



m 1854 he vraa transferred to Agn, on the reorganisation of the 
P.W. Department, as Chief Engineer to the Government of the N.W. 
Provinces In addition to the dnties of the former office, while at 
Amb/Ua he undertook to oodif j and eo>ordinate the ohaotio mass of 
Standing Orders of the Department, extending over a period of nearlj 
seventy years. The result of this voluntary labour, Boilean’s Code as it 
was called, to which he added a full Index and Series of Forms, was 
I>rinted at the expense of Government, and became somo years later a 
most valuable aid when a Committee was appointed by Government to 
draw up a systematic code of mles and proc^nre for the Department. 

Colonel Boiloau retired from the Service February 24th, 1867, with 
the usual honorary step which made him Major-General. 

Boilean’s life in India had been oharactensed by aonteness and 
vivacity of intellect, by an unresting and devouring activity of mind, 
and by extraordinary versatility and variety of work. He hardly 
attained the snocoss that somo of these qnalitios would have led one 
to expect, but at the fame time the list perhaps suggests some reasons 
for this. And it is a fact that his joyous and buoyant temperament, 
indeed his exuberant spirits, often showing themselves in proceedings 
of an eccentric character, maile him better known to the Anglo-Indian 
community than his intellectual gifts or practical accomplishments. 
Indeed, his sayings and doings .were the subject of many widely 
current anecdotes, which, in some caaes, were founded on the merest 
iota of fact, and in some others were purely mythical. 

It was really in the tliirty years of life following bis retirement 
that Boilcau's best qualities wero drawn out to most valuable 
purpose, and won him wide and warm regard. Ho was, to be sure, as 
versatile and active as ever; thus he became the most energetic of 
vestrymen at Kensington, and as Chairman of the Building Committee 
which erected the handsome Town Hall there, he was indefatigable 
in his Buperviaion of the work and of its financial details. He Was 
for years a most scalous member of the Volunteer body, in which, 
however, ho steadfastly declined the command of his corps (the 
Ist Middlesex Rifles} which was pressed on him, insisting on earring 
his rifle as a private in the ranks. He was for some time on ^ 
Oonnoil of the Royal Society, and acted as auditor of its accopMs { 
besides serving actively at one time or another on the Committlagrf 
various charitable, religious, or other useful Societies. But tltot 
which espooialty developed in General Boiloan, and characterised bun 
for the last twenty years of his life, was the active pract^l benevo¬ 
lence a^ devotion to the work he took upon himself as Committeemaiii 
and erSitual Chairman, of two noble institntions, vis., that of the 
Soldieifi^Dangbters* Home at Hampstead, and that of the Offioen’ 
Danghw School at Bath (the latter having also for some yean a 
•nooursal' ^ Boehampton). To tbeee institutions he grudged no 



tebonr, and spared no fatigue. The ohildren of the Soldiers’ Dangh. 
twi* Home were always termed by him his “ red ohiokens,” and when 
wearied with work his greatest refreshment was to visit the Home and 
to get snrronndod by their smiling faces and happy yoioes. “ At any 
hour of the day or night, and in any weather, he would go to the 
Home, if his presenoe was required; and, as long as his strength 
permitted, he would sometimes walk the whole distance from his 
residence at Netting Hill before breakfast. On occasions of joy or 
sorrow at the Home he was never absent, and he was ever at the beck 
and call of the excellent matron, with whom he worked in unbroken 
harmony for the twenty years he oconpiod the chair. . . . All his 
own Borvanta were drawn from the Home, and ho would always 
declare that they were unsurpassed.” Ho oared for them as if they 
had been his own children, and he was repaid by their attachment to 
him. Eveiy girl brought up in the Home who was in London at the 
time of hia doath sent a wreath to be laid upon his coffin. Beyond 
his constant weekday visits to Hampstead, he for many years before 
his last illness maintained a practice of going there on Sunday after¬ 
noon to be present at the Bible classes which the children attended. 

Hia exertions on behalf of the Boyal School for Officora’ Daughters 
were not leas devoted. Ho joined the Committee of this Institution 
in 1872, and in 1880 became Chairman in snooession to Sir Henry 
Lefroy, when the latter went as Oovemor to Tasmania. When it was 
deemed expedient some years ago to close tho suocnrsal at Boehampton, 
and to extend tho buildings at Bath to roooire the additional pupils 
there, all the details of this change and the new oonstrnotion at Bath 
were condnoted under Qcneral Boilean’s close supervision. 

Till his last illness he never altogether lost his buoyant spirits or his 
oddities; but in the constant exercise of benevolent effort these latter 
had taken a riper and sweeter form than in the old Indian daya In 
Hay 1886 the illness began which, with sundry Oaotuations, and borne 
with patience and devontness for six weary months, terminated in hia 
deatii, Sunday, November 7tb. 

1 have given some examples of bis ever-aotive mind and versatile 
oapaoities. I may add that till he loft India he played both the flute 
aad the violin. He oonld, 1 am told, quote Hafis with faultless pro- 
annoiatkm and expression; he spoke Hindustani, I know, wiUi a ver- 
naonlar swing which was rarely equalled in the mouth of an English- 
naa; whilst hia memory was stored with old Hindu saws and riiymes. 
eiver ready to be produced on appropriate occasions to appreoiative 
hearers. He was also a fair Latin scholar. And f«w a long time 
be was a diligent attendant at and paridoipator in the prooeedingn of 
the Boyal United Service Institution. During the earlier discossiona 
on rifle oonstrnotion he took a serious part in them, and biiiM«Jf 
invented a rifle. H. Y. 



'S» Waltib Buiot, K.C.S.I^ LL.D^ who died at his aeat, 
WoKdeo, near Hawiok, N.B., on tho lat Maroh, 1887, at th« matnra 
age of 84 yean, waa bom in Edinburg^ Jannnry 16th, 1808, the 
eldeat son of Jamea Elliot, Esq , of Wolfelee, by hia marriage with 
Caroline, daughter and co-heireaa of Walter Hunter, of Pobnond, 
county Peeblea. Sir Walter waa educated at Haileybnry College, 
whore he obtained the certificate of ‘'highly distingniahed,” and 
entered the aervioe of tho Eaat India Company in 1820. In 1823 he 
received hia firat appointment aa Anautant Political Agent fw the 
South Mafaratta Diatriot. After,holding varioua other offioea in ^ 
Bevenne and Political Departments of the Madras Government, he 
waa made, in 1837, Private Secretary to hia oouain. Lord Elphinatone, 
then Governor of Madraa. From 1837 to 1854 he was a Member of 
the Board of Bevenne, and daring that time waa intrusted with 
the euporriaion of the Northern Oiroara, then in a very unaatia- 
factory condition. In 1854 he became Member of Gonnoil, and 
retained this position until he retired from the Indian Service in 
1859. 

Throughout hia career in India and during the whole period of hia 
anbeeqnent life in this country until a very recent date, when hia eye¬ 
sight failed him. Sir Walter Elliot waa oonatantly at work on varioua 
pointa oonnooted with the Natnral History, Ethnology, Antiquities, 
and Languages of India, in all of which aabjects be was deepfy 
veraod and took the moat profound interest. Though his publioations 
were not very nnmerona, his notes and oollections in all these 
departments were extensive, and were in many oases utilised in the 
way of oontribntione to the writings of hia fellow-workers in these 
▼ariona branches of aeienoo. One of his most important earlier papers 
waa a Catalogue of the Mammals found in the Sontbem Midu^ta 
oonntry, pabliabed in the ‘Madras Jonmal of Soienoe’ for 1889 
which was one of the first attempts made to give a connected aoooimt 
of the mammal-fanna of the Indian Poninsnia. In the same jonmal 
and in the ‘ Journal of the Asiatio Society of Bengal,' will be fonnd 
other aoologioal oontribntions from his pen. Sir Walter was also wdl 
acquainted with Indian plants, and after his return to this oonntiy 
oontribnted several hrticlee to the ‘Edinburgh New Philosophical 
Jonmal ’ on the farinaceous grains and the varions kinds ot pulse 
nsed in Southern India. Bat it is, perhaps, as an Indian antiquarian 
that his name will be nltimately best known to posterity. The 
scnlptnred slabs from the famous Buddhist Tope of Amidvati which 
adorn the walls of the great stairoaae in the British Mnaemn, were 
jiroonred by him, and prerented to the Court of Direotors, who 
transferred them to the national colleotion. Beeidee these, a sideodid 
oolleoliqn was acoumnlsted at Wolfelee of ooins, copper plates, sms, 
and other Indian ethnological objects. Sir Waltw EUiot was for 
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nuuijr yean a constant attendant at the meetingi of the Bntu]i 
Aasooiation for the Adranoement of Science 

Sir Walter was an aident collector of Indian coins, and a leading 
anthonty on the sabject Hie principal nnmismatio work \sae a 
memoir on the “Coins of Southern India, * which forms the second 
part of the third volume of the Inkrnational ‘Nnmismata Oiientalia ’ 
Sir Walter is in fact the only man who has woiked systematioally on 
Southern Indian coins, a neghctod subject to which Maisdin and 
Pnnsep made some small contributions In the work above men 
turned, he has laid a solid platform, on which futuie Indian 
numismatists may proceed to build With his habitual libetality he 
transferred mono than 100 of fats most valned coins to the collection 
m the British Musenm Besides this most important work. Sir 
Walter pubbsheil two papers on the same subject in the ‘Madras 
Journal of Interatnre and Science (new bei ics, vnl J and 4), nnder 
the title of "Numismatic Gleanings * 

In private life, it may bo said m conolnsion. Sir Walter Elliot 
was one of tlie kindest and most amiable of mm His sweet and 
genial disposition, and great hbeiality m every way, endeared him not 
only to bis immediate friends and relations, but to all those witli 
.whom in vanous ways he came in contact In 1819 he married 
Hana Dorothea, eldest dauglitei of Sir David Hunter B1 ur Bart, of 
Blairqnhan, who survives him, and by whom be leaves a family of 
three sons and two daughters 

Sir Walter was elected FR8 in 1878, and LL D of the 
University of Edinburgh in 1879 lie was msdo a Knight Com¬ 
mander of the Star of India in 18b6 

P L S 

StB JosiPH WuiTWOKTH wss boin at Stockport on Dooomber 21st, 
1803 Hu school education terminated at the age of font teen He 
WM then sent to an unole, a ooiton-epinner m Derbyshire, with the 
mtentum of his being brought np to t^t business His mechanical 
tastes were, however, too strong, and in 1821 the idea of ootton- 
spiniuag was given up, and he obtained employment and expenenoa 
for four years m the works of different maAioe makers in Han- 
ohsster In 1825 he went to Dondon, and was engaged saocessively 
with several of the moet important enginoermg firms, amongst them 
Handslay sad Holtsapffel He also worked with Clement, who was 
engaged in the oonstmction of Babbages cslonlating machine In 
1826 he mamod his first wife, Fanny, yonngest daughter of Mr 
Bidhwd Ankara In 1833 Whitworth returned to Manchester, and 
set up as a tool maker on his own aooonnt His business and repn- 
tatun rapidly uioreBsed In 1840 ha read a paper before the British 
Asaoaation on hu method of preparing aoenrate metallio plans sur, 
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faoea, » method which he had deriaed whettwithMandalay in London, 
and in 1841 he read a paper before the Inatitntion of Civil Engineera 
on “ An Unifonn Syatem of Screw Threada.” During the next ten 
years ho introdnoed hia system of standard gauges and perfected hia 
meaanring machine, an inatmment which is capable of detecting a 
difference in sise of one millionth of an inch. In 1853 he was 
appointed aa one of the Royal Gommiaaionen to the New York Exhi¬ 
bition, and in the following year his attention was directed, at the 
request and with the aid of the Dovemment, to the improvement of 
fire-arms. Since that time the subject of fire-arms, large or small, 
interested him more than any other to the day of his death. He was 
President of the Institution of Mechanioal Engineers in 1856, and in 
1857 he was elected a Yellow of this Society. In 1868 Whitworth 
founded the Engineering Scholarships which bear his name He pro¬ 
vided an annual income of £3000, to be distributed as scholarships 
for the encouragement of the study of the theory and practice of 
mechanics. In July, 1869, he was created a baronet. In 1870 his first 
wife died, and in 1871 he married Mary Louisa, widow of Mr. Alfred 
Orrell. The present works of Sir Joseph Whitworth and Company, 
Limited, wore opened in 1881. Since then they have received a rapid 
extension and development, and now undoubtedly contain the finest 
oolleotion of powerful machine tools in the world. Of late years the 
state of Sir Joseph Whitworth’s health usually neoessitated his 
spending the winter in the South of France. He died on the 22nd of 
January, 1887, at Monte Carlo, and was buried in Darley Dale ohuroh- 
yard, near his country residence at Stancliffe. 

One characteristic ran through the whole of Whitworth’s work aa an 
engineer—inaistance upon the very highest standard of excellence both 
of workmanship and matonal, and it is to this rather than to any 
specific inventions or discoveries that his great success and reputation 
are doe. The principle of his method of preparing true planes was 
the simple one that if any two of three surfaces accurately fit each other, 
each of the three must be plane; in addition to adopting this fhnda- 
mental principle, he used a scraper for forming the surfaces, instead 
of the practice previously in vogue of grinding the surfhoes together. 

In the matter of screw threads and standard gauges, Whitworth 
insisted on the desirability of all engineers adopting the same 
standards, and working with them to the utmost attainable aoonraqy. 
He adopted the inch as hia unit, but divided it decimally; and this intro¬ 
duction of the decimal system to the British workman must in itself 
have had a very material educational effect. In fire-arms, both small 
arms and artillery, the principal points on which Whitworth insisted 
were, the use of a long projectile with a great angular velocity of 
rotation about its axis, and the use of polygonal rifiing of the barrel 
instead of grooves, the projectile being formed to fit the barrel and so 
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Hecara a large bearing mrlftoe. Probably the improvementa in thg 
manofactore of steel wbicb are associated with the name of Whit¬ 
worth have done more for the development of the most modem artil¬ 
lery than has either of tho fealnrcs of his system of nHing. His 
improvements maybe broadly said to wnsist in three points, first, 
insistence npon obtaining the best material for the purpose m tho 
liighofst purity, second, in compressing tho molten steel in tho ingot; 
third, in forging under a hydraulic press instead of a steam hammer 
Whitworth’s pnbhslied writings are comporutively few in number, but 
those have a permanent interest and will always be instructive His 
fame is rather written in iron and steel, and in tho daily practice of the 
ineohamca who have been directly or indirectly trained by him, than 
m the journals of tho learned or technical societies. 

J. H. 


Dr. ALr.sN Thomson, one of the most distinguished anatomists and 
embryologists of his time, was Iwrn in Edinburgh, Midlothian, Soot- 
land, on the 2nd of April, 1800, and died m London at 66, Palace 
Gardens Tenmcc, on the 2l8t of March, 1884, in the seventy-fifth 
year of his age 

His father, Dr. John Thomson, was a remarkable man, who at 
eleven years of age began life as a silk weaver’s apprentice To this 
tnulo bo was bound for seven years , and ho continued to follow it 
in the town of Paisley for newly two years after his apprenticeship 
had expired. His father, however, seeing that his son “took little 
interest in his trade,’’ bound him in 1785 (at the ago of twenty years) 
to Dr. White, of Paisley; and in tins medical apprenticeship lie eon- 
tinuoil fur three years Subsequently, be became ft pupil, in London, 
of William Hanter(brolber of John Hunter), in his School of Anatomy 
at Leicester Square; and again reluming to Edinburgh in 1793, he 
beoame a Fellow of tho Koyal College of Surgeons there at the ago 
of twenty-eight. Having tho year before “ entered into nngagemonts 
to form an alliance in business with Mr. Arrott (a Fellow of the 
College), ho continued to live under Mr Arrott’s hospitable roof till 
the autumn of 1798—a period of five years” In 181.5 he beoame a 
Licentiate of the Royal College of Physioians of Edinburgh, and in 
1808 ho obtained from the University of King’s College, Aberdeen, 
the degree of Doctor in Medicine. Having first practised in Bdiu. 
burgh as a surgeon, he eventually rose to extensive pmetioe as a 
pb^'sician. He was the first occupant of the Chairs of Military 
Surgery in (he University of that city, and subsequently of General 
Pathology, both of which were founded on his recommendation.* 
In 1835, at tbe age of fifty-eight, be retired from active outdoor 

* Sir Alexsttder Orant’i ' Story of the Vnireruty of Edinburgh,’ vol. li, p. ML 
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practice and hia life ended at the age of eightj two He retired 
with the repatation of being in hia tune ‘ the most learned phyeieiau 
m Scotland To almoat the last week of hu life he waa a hard 
Ntudent and net even fonrscore yearn oonld queuih hia aidonr iii 
diaoonraing aoienoe morala, or politic a Uu was one of the 

marked men ot that nsolute and public spirited class—the tiue Whig 
party of his day—which is now tl8tb) rapidly disappearing Hia 
peculiar osefalnesa arose neithei from his talents his leaining, his 
warmth of ho irt nor his steadiness of princii le bat fhom his 
enthusiasm He never kuew apathy aud modioine be ng his field, 
he was ior ftrty yeais the mwt txoUxng of all oui practitioners and ot 
all our teaeliers Hen especially young men of promise, weie 

inspired by his rial and his eonfadeiioe in the triumph of truth* * 

Uia example had poriiaps moie inflicn e thin that of any othci 
individnal in exciting the emulation of othiis f 

John Ihimson was theieioie a man aekiiowlodgod to be of great 
erudition as his wotks show, and he made many iinpoitant oon 
tributions io the medic il science and literatuie of his time fiom 176) 
to 1846 He coiitiibuted valuable papers to the eailier numbers of 
the hdinbuigh lb view aud continued ^lill his death in 1846) in 
habits of intimate fi u ndship with its ed tor Lord JeSiey oontinniiig 
throughout hts long litu to be a man of gieat maik and lufluenoe lu 
polities and seieni u 

Such was the father of Allen Ihomson—the snl ject of this notice 

To be the sun of such a fathoi was already to be born distinguished 
and it was a still greater distmoiion that throughout the life of 
Hr Allen Thomson, the best eharaetonstics of the father oame to be 
repeated in the sc n 

His mother, Margaret Millar was the third daughtei of Mr John 
Millar Professor ut Junsprudenc^ in the University of Glasgow, to 
whom Ur John Thomson (then in the forty fiist year of his age) was 
manned in 1806 

It may be said therefore, that Allen Thomson inher ted by his birth 
a family oonnexiou with two out of the foui Sooteh Uuiversitiea—an 
inhentanoe which at once gave him a position of influonoe, of much 
advantage to him in future years 

Thus it eamc to pass that Allen Thomson was bom nurtured, and 
trained up in an atmosphere of learning and soiente, so that from his 
very earliest years the teaching of the son by the father was such u 
to lay the groundwork of a solid and purely seietitifio oareei, especially 
as an investigator and teacher of Anatomy and Physiology 

* Journal of Homy Cockbum, a eoBliDuatjoo of the Memonals of hu Tune 
1881 to 1884^ vol u p IM 

t Dr Kiebsrd Fowler of Salisbury m BiesrspbicsJ Notioe of Dr Tbonuon m 
let rol of hu Life uf Cullen reiwued by Hlaokwood soi Sons, 1869 
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With ancli a father and irnch sanoundin^pi, he was Bare to have 
the best up bringing and best direction For the edacation of hie 
bojhood he was sent to the hdinbaigh High School, and had 
amongst his school fellovis John Murraj—the eminent pnblishoi— 
with whom he maintained a life long fiundship also the present 
Lord Monorief and Ihomab Constabk His pisfussional edncaiioii 
(mainly directed by his father) nas begin at the Eztia mural bchoul 
and completed at tlie Uiuvemity if h linbnigb, iml at the mediuti 
Kohools of Pans Tn Angnst, 1830 (at the age of twenty one) 
he graduated as M D of the Uuivtisity of hidiiihiirgb when bis 
graduation thesis “on tliu development of the hoait and blocd 
vessels m vertebrate anitnnls ’ was signih aut of the bout of Iiih 
mind towaida embi3ology and fonahailnwid the hononnibln dis- 
tmotion which bc< Hiibbcqncfitly acbicvod iii tbif bianch of biology 
which deals aitli developmental anatomy and physiology Jt was 
published in the ‘ Edinburgh New PIiiIcm iphicnl J niinal ('JumeKon s 
Journal ), commencing m lb JU p 20’’ and contuinii g through throe 
coDsecntive parts of that loutnal—a long eontnbntioii fully and 
bcantifally illustrated by diawinga mostly the work of his own facile 
pencil, and many ol t lem eilmied At the time of h s giadnaiion 
be was Presi lent of the liciyal Midual Soeitfy of Edinburgh—a 
atndents' society which has contributed and eontinnes to eontnbnte, 
not a little to the famo of the Midital School of thil city inasmuch 
as on the roll of its Presidents mil be found the ninnis of many, who 
in after-life became distingnisbcd members and h iders in the pro 
ftssion* 1 he }tar after graduation (1810) Allen Ihumson became a 
Fellow of the Hoyal College of Snrgoons of Ediiiburgli us a necessary 
preliminary to his being qnilitied as a teaehoi theic It wis hiH own 
wish and his father s great desire that he should beeome a tern her of 
anatomy, and devote himself to aiiatoniiiHl and physiological pur. 
suits, for which he had displayed a decided piedilection, and to which 
(as his thesis showed) ho hid alieady given a considerable shaie of 
attention 

With this object in view and following the example of his fnend 
Dr Sharpey, he liavellcd by himself on the Continent m 1831 Uis 
copious notes show that he then particularly interested himself in 
the preparations in Vrohk’s Mnsenm at Amstcniam, which he 
describes as a valuable collection in a state of excellent pieseivation 
In it he notes a very hno collection ot sknlls of difFeront nations and 

• On lU roll STB inscribed tlie honoured munss of Ihc nuw Adduon Bichiud 
Bright, MmliBll Uail Uenry ilolUnd and others of Mctropililan hnir aiUi 
those of equal dutinotion assooiat d with the Scottish an 1 Irish Unirersilies and 
CoUeges, the men, m short nlio haie Wii most proii mint in the history of British 
medioino and discorerr during th« last huii tr d years * Anatomical Memoirs of 
Jbhu Ooodair, rol i, p 70 
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ngta, and amongf thoHO of exccaied onminals of vrhich several weie 
those of miudeteis, “there is the alcall of Renter, a celebrated 
muidtrer of the woist olast, which Oall, when asked rtKardmg the 
collection binf^It d oat and set as dt as one ch arly not belonging to a 
muiderei * ' lli also notes ‘ a piotnbcianco inside the inner canthns 
uf the orbit in a Jew’s skall, which Vrohk considered ns peculiar to 
Hint lacc’’ Next canto n<t(sot tht Strasbnrg and the Bcilin 
MiiRcums In this lattci ho made a gicut number of notes, especially 
bcaiingon thi embryos of animals and the ditails of embryology 
gcncially dissictions of variutics in the airangement of the aorta 
and adjoining visstla transpositions of visceia and teratology — 
making diawiuga as well as notes of what he siw He was partion 
laily interested lu a human foetns (481) at throe weeks, in which the 
brani hial arches are he»n as will as the split between them into the 
phaiyiix “ He was allowed to take this preparation fiom its bottle 
to phue it in a watih glass ti make a drawing of it ’’, and to note 
its uicasurcmuiits 'Ihe maiks of the eye and ear were both easily 
been and the superior maxillaiy fold counrotid with the mronoi 
luunl the anglcb of the month He notes also the heart partially 
divided into two vintiicles 

On his return to hdinburgh after this short sojourn on the Conti 
Hint he commoneed his careei as a kicher by starting as an extra 
academical kctnier on anatomy and physiology In this under* 
taking ho was associated with tho lati Dr )Villiam Sharpty—(his 
bcuioi hy only seven yeais)—who ultimately became Professor of 
Physiology in University College, London, and with whom Allen 
Ihomson maintained a hfe long friendship of tho closest possible 
ehaittctcr * faix yours ago (March 1881), when writing to his pupil, 
John btruthers, the disUngnishcd Professoi of Anatomy in Aberdeen, 
ho says “ hharpoy and I lecture 1 togither at No U, Surgeons 
Si|uaie, from 1831 tilt 183b, when 1 left on account of my health 
Iieing mthei impauod He taught the Anatomy an 1 1 the Physiology 
but in tho later veais, as my father niged mo very much to prepare 
myself for Anatomy, 1 took a shate in the Anatomy teaching by 
ittending in the dissecting room and giving some demonstrations ” 
At this time a keen competition existed among tbo four teachers, 
who, in addition to tho Professurs within tho University, divided 
among them the students who appbed for instruction It was no 
light unih rtakiiig at that time to become a teacher of Anatomy in 
Kdiuburgh In 1828 a sciies of muiders were brought to light 
which had been ciTccU.d by two notorious criminals—Burke and 
Uaio—for the money they woulil obtain for the bodies of their 
victims as material foi the dissecting rooms, and for many years 

* U kendntk Hmnoir of Dr Allen Ihomson, ' Oltsgnir Phil Boo Proe, 
lol 15,1S84 
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aftorwanlB the pnhlia mind continncNl to bo excited by the Tccftllcc- 
tion ot’ traffediea anprcctHlentod in the hwtory of mankind, and whicli 
Hcaroely snbiiided oven with the itaming of Warburton’s ‘“Anatomy 
Act ” in 1HS2, winch made it powible to obtain and dissect iho 
human body m a legal way. In tlio University of Edinburgh, tho 
third Monro filled tho Chair of Aii.itomy, liimsulf a good anatomist 
of tho old school, who louktsl upon tho new teiu-hers with an easy 
disregard. But while Ehiirpey and Allen Thomson’s class between 
1831 to 1836 bail increaseil from twenty-two to eighty-eight, the 
majority of tho students flockeil to tho brilliant but egntistieal 
lectures of tho famona llobcrt Knox, who in one year about this time 
had an extra-mural class of ovir 500 studeiils With unscrupnlons 
virulence ho brought his powers of ridienie and sarcasm to boar on 
all opponents, so that Allen 'I'liomson ami Shaipcy came in for their 
fnll share* About this time also a number of men who aftcrwanls 
became himona weie either students or extra-mural k'nchors, so that 
there was the keen contest of able mtelleels, and tho nialiy of n 
noble ambition—the names of .John Reid, Mart in Hany, tho two 
Goodsirs (John and Henry), Edward Korlies, W. 13 Car|)enter, John 
Hnghos Bennett, arc names whuh beeume distinguished in biological 
science; and in snch an atmospbero of thought it is no wonder 
that Allen Thomson was eucoumged to prosi'eute a purely scientiHo 
career.! 

All are gone, none now remain, and tho luclanclioly death of Dr. 
Carpenter in 1885 severed tho laat link which connoctod them with 
what was undoubtedly “a brilliant epoch in the history of the Edin¬ 
burgh Medical School.” 

In 18:33, Dr. Allen Thomson travelled with his father on tho Conti¬ 
nent for nearly three months, a isiting the pnncipal medical schools in 
Holland, Germany, Italy, and France It is interesting to find iii 
Dr. Allen Thomson's brief jonmal of his travels, now before the 
writer, anch entnea regarding mnaenm specimens ns he saw might 
be naefnl for teaehing purposes. In these notes he frcsinently mskes 
a special memorandum o1 the preparations which should be inado 
for the use of his class when he had the chance of doing so on Ins 
.return to Edinburgh. Ho gives an amusing account of hia journey 
to London by sea in those days Embarking on bnanl tho '* iiiuho,” 
from Hewhaven, on tho afternoon of Katur. ay, Cth July, 1833, after 
two days' sailing ho reached Hlackwall, whence he drovo to London, 
and “put np at the Burlington Hotel, held by Atkinson Morley, m 
Cork Street, No 35 ” 


* ‘ Life of Bobrii Knox, Anatomistby Henry Lonsdale, 1870, p. 202 t abo 
Jffewioira of John Goodair,' 1868, vol i, pegs 120. 
t M-Kendnek, loe. cU. 
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Hib first visits m London wore to Dr and Mrs James Somerville, 
John Alien, and John Mnnay, and at SO, Old Baihngton Street, 
while wntting for John Allen, ho first made the acquaintanre of 
Sydney Smith Medical edncation was then (1833) as now (1887), 
the serious subject of discnssion, and Mt Allen was of opinion 
tliat ‘ superior degiees should he g^rantod by Universities, with full 
pieliminai y edncation ensnied by a def^ieo of M A , and diplomas for 
general prartitioueis should bi granted by chaitcred bodies, after¬ 
wards to be decided upon ” Ho disapproved of legal prosecution of 
the unliconsod, unless they do harm, or take titles they have no 
1 ight to 

Mr Allen introdnct>d his namesake, Allen Thomson, at this time to 
Loid and Lady Holland and ho was afteiwards introduced to Loid 
Mtllxiurne by Lady Holland, at Holland House, with the words, 
" Melbourne, allow me to introduce to you the future Professor of 
Anatomy in the Univirsityof Glasgow ” Allen Thomson had to wait, 
however, fur fifteen years bofon that piomotion took place Dunng 
this visit to London hi also spei t some of his time with his half- 
brother, Dr William Thomson, Janies Simpson, and Dr Carttwell, 
who was thin lecturing at University College Tjondon 

Dr AlU n Thomson was then much interested m the work of (31ift 
and ot Owen, at the Huntenan Must urn espeeially m the admirable 
scries of jiiiparations of compatntivc anatomy, and the beautiful 
niaumr iii which vegetable stiucture is illustrated He also reooids 
the signitKant memoiandum, “Make some preparations of this kind 
fot mystlf ” Breakfasting at Sir Astliy Coopei’s, he had “a veiy 
1 itcnsting demonstration from him of bis preparations of the thymus 
gland and testu lo,” and mentions that “ bir Astloy leotnnd with a 
groat dual of spit it, and bsik the trouble to oairy about 100 propara 
turns from one room to anuthei ’ Alien Thomson admired particularly 
the dry preparations of the thymus gland at diffoiont ages, in which 
the saccnli of the body itself are injected with wax, the arteries, veins, 
and particnlaily the lymphatics beinginjeoted and jiamted of various 
ouloum Again he makes the memorandum, “ Make some of these 
pieparatious in the festal calf” Sir Astloy thin demonstrated his 
preparation of the structure oi the testicles, and again, the memoran¬ 
dum, “ Ur Sharpey and I must have some similar injections of the 
tubes with wax, &o” He visited Guy’s Hospital Museum with 
Hodgkin, and tbire lie bears his testimony to the beauty and accuracy 
of the wax models of diseases ot the skin and of healthy anatomy, 
made by Joseph Townes His father joined him on 15th of June, in 
London On the 17th they staitod for llotterdam Thenoe by Dussel- 
dorf and Delft to Bonn He gives a veiy detailed acoount of the 
lontents of the Museum at Bonn lie also describes the suivical 
“ klin k, ’ “ oonduoted by questioning the students respect ng patients 
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comtDiHed to their care There were then two “ klinike" for medicine, 
by IfMBe, an advanced one and an elementary one intended to teach 
stadente how to conduct the ad\aneod one Meyor he alao met, who 
had been Profeaaor of Anatomy and Physiology at Bonn, and pnpil 
of Kielmoyer, ‘ of whose vii ws and lectuus he spoke in terms of high 
Admiration He met also Iroiiranus (the younger), Piofosaor of 
Botany, Bischoff, Neumann and Webtr the then Prosector He 
notes a case in the dissecting room of the whole body of a man in 
whom there wan compkto si/h« intasHs of all the viscera, and the 
writer well remembers wliiit intiiost Allen Thoms >n took in the dis 
section of a similar compkto case of invcisiuii of the viscera, which 
occurred in the disserting mom of the Glasgow Umvi rsity * 

At Heidelberg lie mot Ticdemann and caiefully noted the contents 
of hiB museum At Strashuig he mot Lhrmann and made copious 
notes of hiB museum At Tubingen hi met Auteniieth and his 
prosector. Professor Banei ihere he visiUd ‘ the little dirty class 
loom in which Hallei and Gnviet atudied llienoe to btnttgart 
and on to hrryhurg in Baden, and to Zurich Hiro ho met with 
Oken, thin Rector of the Uuiioisity also Srboenlein Professor 
of Medicine and oilier distingnisbed tcacliiis tliime to Berne 
Lausanne and Geneva Ho next visited Aix en Savoie, or Aix Ica 
Baina, and Milau 

At Milan ho was shown great attention by Professor Pamsaa, the 
snocesoor of Scarpa and at Paima, by Prolcssoi Tummassi, and by 
Pasquali, the Piofeshor of Anatomy Heie he found the University 
partly broken np, anil about hall the building occupied as a 
barrack for soldiers, in otder to repuss the levolntir nary spirit 
of the studi nts He notices in Piofessoi Pssqnali a Museum of 
Anatomy, that the dried muscular and arterial pre|iar8tion8 wore 
entirely painted, and puts Uio question, ‘ Why is this so seldom 
done it seems to pieseivo the preparation well, and to make it moie 
clear He afterwards in Glasgow, adopted this method to a gieat 
extent in all dried pieparationa At Bologna he notca that at present 
(Angust, lSlJ),the Univeisityis *in disgnuo and no leotnres except 
the experimental ones are allowed to b( given I he Profesaon are 
obkged to give their lectnies at their own homea, and soldiera are 
piao^ at the doors ’ He notes that Uompamtive Anatomy la 
taught by Professor Alcssandrini, under the name of 'Veterinary 
Anatomy,’ the former title being oonaidered by the Pope as of a 
revointionary nature ’ He saw some beautifully infected foetal mem* 
branea, more psi ticulsrly of the true allantoid of the mare, and of the 
ondoohonon and the decidua in the bitch 
At Borne he notes tluvt," aa in the rest of the Papal Statea, acience 

* Dstenbed and flfiutd m the Q-laegow Medioal Journal' for July, 1S69. 
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18 at present (September, 18S3) much lepreased by the fear of inaab- 
oidination among the atudents . and that there la great difficulty m 
publishing or piocuiing soientihc works * 

At Naples, with Dr Vnlpea, be met Dr Asalini, of Moasina, and 
visited the Muaeo Dorbomoo, the collection of antiquities from Pomptii 
and Herculaneum He then \int(.d both these places and ascend d 
Mount Vesuvius, the ciators of which are thinutcly desciibed m his 
caiefully wiitton journal At the Grotto del Cam he saw the usual 
expelimciit of asphyxiating the dog ‘Ihe animal fell into a taint 
without convulsions, and the pnpil dilated at tho same moment that 
the voluntary motions ceased, which took place m from two and a half 
to throe minutes after tho animal was placed in the cart ' Genoa 
and Montpellier were next visited 1 lieie, he notes a “ ospital seius 
of sterno hyt id bones, bones of tbe sknil &l for anatomical demon 
stration, of which we ought to have some 

4.t Lyons ho m<t Dr Bennett who was travelling with TjOTiI 
Beverley and tbe Peter family, and itnewed his acquiiutance with 
M Bonchet and M Gcnsonl, who had both been m Ldiubnrgh 

A very detailed but toniiso atoount m given of the anatomical, 
pathological and comparative anatomy pi eparations m Muokel s 
Museum, illustiated with some very beautiful pen anil ink drawings, 
especially one of the hcait in a case of partul inversion if the viscera, 
in which there was no is a toe* mjettjr, but tho roio tuperxur was 
joined by the tsni a yj * before entering tbe aniiclc, the tents hepa- 
ttca going diieetly into tho auricle through tho diaphi igm There is 
also a specimen with tbe aoita on thought side Similar detaile I 
leeords are given of Vtohk’a Museum at Amsteidam in 1811, and ot 
the Htilm Museum 

Lastly, out of tho experiences of these tiavtis he formulates an 
extensive list of prcfiarations 'to bo matie fot teaching purposes 
At Paris he met Ray cr, Lerminier, Bouillaiid, Roux and Dalmas, 
and visited a stpaiate wsrel for cholera patients m La Chant6, where 
he “ aaw threo women who wete recovering under the inilnenie ot 
opium, ICO, and bleeding' ’ 

It was by such Continental travel, with tho one object before him 
of prepsi ing himself tor his duties as a teacher of anatomy and 
physiology, that ho devoted himself with the gieateat diligence and 
care to literary and scientibo study, and to the study of languages 
As travelling physician with the Duke of Bedford, he again spent a 
oonsidorable time on the Continent, thereby peifectiiig hia knowledge 
of German, French and Italian 

Of the men who mainly influenced the scientific life of Allen 
Thomson (besides bis father’s influence) theiw are thiee especially 
to bo noted, namely, John Allen, Dr John Gordon, and Dr Hharpey 
While still a bouse surgeon in the Royal Infirmary of Edinburgh, 
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tbe father of Allen Thomson beoamo the friend of John Allen, who 
was asoociatod with him in the dati<‘8 of the hoiwo, and witli whom, 
np to the time of Mr Allen ’k death in IHiM, he maintained an nnm- 
termpted fiiendahip, and to the powerfnl influenee of whieh over the 
fortnnen of hia life ho has hiinaelf borne teatmiuny in the dedication 
to Mr. Allen of the fii-at volume of his ‘ Life of thillen.’* 

Dr John Thomhon named his son Allen attei Ins distinguiHhed 
friend 

Dr John Gordon died in 181h, tlnrteuii yeaia ladoro Allen 
Thomaon began to lectnie and (each Anatomy After Dr John 
Allen had eeaHod to lecture. Dr John Gordon (having taught 
Anatomy and Phyaiology together for two years, 1808-1810) gave a 
uoorae of Physiology separate fiom his eonrso of Anatomy oitlier in 
the winter eiiHaing or m the suminei sebsion , and for hia chaifu-ter 
and work Allen Thonison had a great veneration In writing, three 
yearn before he dicil, to Professoi John Htmtheis, and is’ferrnig to 
Gordon, ho says “1 um especially pleased with your is‘cogintioii of 
John Gordon’s chai-acter and work, which is not only perfectly true 
aa regards himself, but gives some indicntion of the itifluonoo which 
my father exercised upon his pupils and the School of Kdiubnigh. 
I have still all Gordon’s papers, aa well as John Allen’s." 

Dr Rharpey’s influence was that which mmle itself felt through a 
lifedong friendship of the closc'st kind, Imund together, as ho and 
Allen Thomson were, in allied anatomical and physiological pursmts. 
Sharpey was one of the young men m Kdinbnrgh wlio owed the dinsi- 
tion of their studios and inspiration to John Thomson, and this 
debt ho repaid to his son Allen by an affeetioniito friendship, lie was 
about twenty-nine years of age, and Dr Allen Thomsou twenty-two, 
when they commenced to teach Anatomy' and Physiology together in 
Edinburgh in 1831. This association subsistud during the four follow¬ 
ing years till I83(), when Dr Sharpey bcc.ime Professor of Physiolc^y 
in University College, London 

Dr. Allen Thomson spent the autumns of 1830 and 1837 at Rothi- 
mnrehns, in the Western Highlands of Rootlond, near Aviemnre, with 
the Bedford family, and afterwards liegan Ins tour on the Continent 
with them 

On his return in 1839 ho was appointed (at the age of thirty) Pro- 
feasor of Anatomy in the Manschnl College and Dnivorsity of 
Aberdeen, which ho resigpied in 1841 Ketuisiing to Edinburgh iii 
the autumn, he lasainie onco more a teboher of Anatomy in the 

* ‘ Biognphioal MoLice ol Dr. John Tliumsoii,’ iin-IIxcd to liii ' Lite of Cnllon,' 
p 11, 1869 Jt u erroneoiiilj »(»trd m a rensit work, ‘ Life and Tune* of Sydney 
Hniitli,' ly Hr. Stuart J. Held, 1884, p 1S8, that John Allrn and John Thomaon 
were fellow apprenlire* to Mr Arnot, an Kdinburgli surgeon Them was no tuoh 
apprentioiwhip, and the tarts nrr those ststisl in the test, at page u 

h 3 
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Kxtra-mnral School, No 1, SarKCon'ii Sqnan-, at the age of thirty- 
two, where ho coutinuod to give syatematio loctaro>< on Anatomy. 
At 11 A.M a lecture-room dcmon<ttratinn wnn given, and he taught 
in the diaaeoting ro<im at one o’clock, oMintcd by dcmonatintora, the 
chief of whom was Ur Gunning, who had accoiniianied him from 
Aberdeen, and who has kiiicp given to the University of Kdinbiirgh 
a fund for pny.OH in memory of the teachcra of his Jay. 

ProfoBHor Jolin Strnthers, of Abewlcen, bi*nrs the following leHti- 
mony to the valued tuachinga of Allen Thomson — 

“ Allen ThomHon'a looturcs on Anatomy weio of a high order 
ncientifically,and ako in stylecoiitraatud favourably with the teaching 
in the other Hehooln His favourite subject was embryology That 
could not come in much in the ordinal^ couwe, but in the Hnmmor of 
1842 he delivoi-ed a apecial course of IcctnreH on Uevclopment, in 
which ho gave the results of hia own researcheH, as well as those of the 
Gorman observers. Those lectures wore illustrated by a very laige 
number of beautiful diagrams, and were attended by many members 
of the medical profession of Edinborgh. Uis graduation thesis hod 
been on the development of the heart and great blood-vessels m the 
vertobrata, showing an early direction of liia mind to the snbjoot of 
embryology. In that summer session ho gave also a course of weekly 
lectiii-es on the now Microscopic Anatomy, which followed the publi¬ 
cation of the groat work of Schwann In these lectni-es we heard mueh 
of Schwann, Henle, and ICoUiker, the latter of whom became Ids inti¬ 
mate and life-long friend To this time the niicruscopt' had not been 
much nsod in the school The cell doetrme of Schwann had cleared 
up the eoiitusion of the old general anatomy, all hough the revolution 
it was to effect in biology, in relation to the evolution as well ns to the 
structure of organic forms, was hardly foreseen. Knox, whose forte 
was Comparative Anatomy and its liearings on human anatomy, was 
satiriemg the mici-oscope, as he did most things. Shaqiey had been 
using it in the investigation of ciliary motion. John Goodsir, Con. 
servator of the large and valuable Anatomical and Pathological 
Mnsenm of the College of Sui-geons, gave a few original lectures to 
the Fellows of the Colleges on Colls, and on Germinal Centres; and 
Allen Thomson used it in his rosearelios on Uevclopment. Bat then, 
and for years afterwards, the student bad nothing of the microscope 
beyond the privilege of a peep tbrongli Allen Tlinnihon’s and John 
Goodsir’s on a Satunlay. The work which Allen Thomson did 
during this year m Kdinbnrgli secured the success of his bubeequeut 
career. Uis abilities as a teaefaorand olisiTver were fully recognised 
by the medical profession of Eiliiibnrgb." 

The pimcipal i*pa8un of his ap|>arciitly smldcii return to Edinburgh 
may be oxplainetl by the fact that the Chair of Physiology in Edin¬ 
burgh University was expected to become vacant by the transference 
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of Dr Aliion to the Chair of tho Piactice of Medicine and to enc- 
coed to tho Chau of Physiology wa» the objtet of Allen ihonisou's 
laudable ambition * 1 oithwith in the antnmn of 1841 Pnifeeaoi 

Alieon resigned the Cha i of Institutes of Medieiiie or Physiology m 
the Unirerbity of Edinburgh and in 1842 Allen Thomson was ap 
pointed his sucoehsoi at the ago of tbiity three Ihe conttst was 
seveie with such formidable coinpetitois as Kobirt Knox, John lUid, 
Hughes Bennett and W 11 Ciupcnter Ho lull this Pioftssorship 
in E/linbur^h foi six ytaiB, and dining that (iihl ho made siveial im 
portant contribntions to tho scunco of embiy )logy Ho at tho same 
time made the couiso on physiology systematic and (.iiiiplcti, devoting 
himself entirely to the teaching of physiohgy pii pii llis lectures 
were prepared with gicat tare and a Mry elnlii ito synipsis of the 
day 8 Bubjeit was wiittcn in chalk on hi ckboiiids fot the students to 
copy, snpplumoiitcd by drawings m c< loiited ilialk often Miy elaho 
late, and numeiona wall diagiams (A gxdly MS nlume of sucli 
abstmets is in the nliter s possession ) 

Allin Ihomson s familiuiity with what nas being done in Germany 
and h ranee garo huadth and thoioughiiess to liis t(iw,hing He took 
gieat pains in making his dranings and in wilting the hi ads of tbu 
lectures bifoia the time of meeting, and liki his ftieud Dr hhaipey, 
he lectured mainly fiom shoit notes He was systimatio and 
mithddicol in evciy tiling and toe k great pains to pii feet his teaching 
in eveiy way, aud t\eij course of let tuns he d livtnd whither to 
a popular oi piofissional andionee, cost h m mut h Kb in fit iii day to 
day On debatable points and whiio dilinite (onilnsi ns bad not 
been amiod at, he was caiifnl to give us tho news of obseriors on 
opposite sides, but it was fantaliaing m the ixtrimi wl on at the end 
wo could not learn what his own iiiws wire lliis was all the more 
distracting becauso hi w as so tull of kiiowh dgt so char in his state¬ 
ment and BO sound in Ins yndgmi iit But the weak pait (or perhaps 
strung pait) in Allen Ihomson s mental development appiaiod to bo 
BO great an excess of caution in coining to a diliiiite eonolosion that 
he seemid always to hold his mind open to receive aud digest new 
m ittor Hu w as thus previ ntt d f rom luakiiig any broail genui alisation 
with which his name can bo associate 1 

In all his researches bis mind inclined moio to the anatomical 
than to tho pfaysiologual side of biology, having more to do with the 
development ot fuiiu than tho development of Ainition, and when 
the Chau of Anatomy in Glasgow Univcisity bcoame vacant by tho 
death of Di James Tiffiay in 1848 Allen Ihomson lieoame his sne- 
oeasor at the age of thirty nine Hia introdootion by Lady Holland 
to Lord Melbourne (in 1833) bffeen years before, and already referred 
to, shows that Allen Thomson was destined for that chair as a political 
• Memoir,’ by Profeieor John btrulhen, p 6 
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jnhtntanco for then, as now, political oonnexton ui€nenoee the 
rhauces of sritntifao appointments, and aooording as a Whig or Tory 
Government was in the ascendant, it was known that Alien 1 homson 
or a political opponent would obtain the chair But when Dr Jetfray 
vacated his ohau it was given to Allen 1 homson with universal 
approval He thn-i retumeil to tht t» aching of anatomy as to his hrst 
love, lemaming consfant to its teaching in the Glasgow Univeisity 
with great distinction in the profi8>«orHhip He resigned it in 1877, 
when he was snotoeiltd by its present distinguished ocxiupant. Pro* 
feasor Gleland, who had been one of his dcinonstratois rn previous 
ycaia 

Duiing these previous twenty five years of teaching anatomy and 
physi logy, Allen 1 homson had the unique experience of having been 
a professor in throe out of tin. four of the Scottish Gnivoraitios and 
in all of them thtie is evidence that ho worked with an indefatigable 
indoatry, not only m coiinixion with the immediate duties of the 
chair ht hi Id but as a fie<]aent contributor to soiontihc literature 
Thus it lumo to pass that his leputatiun as a teacher and as a man 
of science, steadily incicased, and at the end of liis days he had 
becomo ginimlly known throughout the sciuntific wot Id an oue of the 
most careful, judicious, accurate, and learned investigators and 
teachers of his favourite subjects His very earliest work brought 
him reputation as an ombiyologist, and heiein lay his speciality, 
so that tliioughont his long and busy life he was constantly makiug 
important contiibutions to that department of science 

Ho retiied fiom his Chau of Anatomy m the University of Glasgow 
at the age of sixtj eight having hlled it for the long penodof twentj* 
uiue yoai s and tho work he accomplished thero ‘ may be said to 
have been of two kinds one, tho introduction of the modem anatomy 
and methods of teaching it, by which ho laid the foundation of the 
eminence and Buccess which the Glasgow School of Medicine has since 
attained, an ub]ect which he had warmly at heart, the other, also 
oontnbutory to that end namely the planning and erection of the 
New Uni VII sit) buildings, in which great undei taking he was from 
the beginning the moving spirit ’ 

Snccioding a teacher who had hold the Chair of Anatomy m Glas 
gow for the long term of fifty eight years, “ it may be resdily beheveil 
that Allen Thomson s anatomy and methods were a new revelation in 
the old monastic building of that univeisity ’ As in Edinburgh, 
when the third Monro at last (in 184G) made way for John Goodsir, 
the tide turned from the extra mural school to the university, so the 
Glasgow School of Medu ino, when Allen Thomson became Professor 
of Anatomy, began to take the high rank to which the new colleagues 
who gradually gathered round him have contributed their part * 

• < Memoir, Frafetwr John Stmthen, p 8 



Shortly aftpr coming to Glavgoti his son and only child was bom 
in 1849 After that he took Greenhall m 1862 about eight miles 
from Glasgow and aftei wards Millhtugfa, whei e as he always had a 
great love of oonntiy life, he betook himself m Uie antnmnal holidays, 
hospitably entertaining his many guests Dr Sharpoy paid him 
regular summer visits In 1855 came the met ting of the British 
Association in Glasgow and among the guests then with him were 
his fnonds PiofiSHur Kollikrr of Wur/burg and ProftSMors Retsius 
and Brobirg from Swedin In 1857 he nnted Hatton House near 
Ratho, some miles fiom Ldinburgh and took great intenst ii^tliis old 
place There he btiamo acqnainhd with the Laudeidalo family to 
whom the propeit} originally belonged and theie he rtooiverl his old 
Ldinburgh fiunits, bymo, Bennett, Chimtison Douglas Maclagan, 
Andrew Wood, Sharpey, and kolhkor Ho took mncli interest in the 
garden snd in garden work,and hi<t aiqnamtnnic with Mi Archer tlio 
artist, brought him into the pursnit of photigiaphy, which gave him 
a now pUaanro 

In 1862 he left Hatton, having pnrehased some arres of ground at 
Skelmorlie on the Clyde, wheie he built a honse in accordamt i^itli 
his own plans The Inter oditions oi Qua u s Anatomy woie wi tten 
here witli Dr Sharpey during the summer months and here he also 
enjoyed his leisure moments with his liicnd Professoi Kolhkor in tbo 
examination of marine animals 

About this time the aoik commenced with the New University of 
Glasgow bnildings, and from 1861, when the old college bnildings 
were at hut disposed of to a railway company, until 1870, when the 
classes met for the first time in the now bnildings on Gilmorehill, 
Allen Thomson, as Chairman ot Buildings Committee, was largely 
oeenpied with the anxieties and plans of tlio undertaking He 
did all the duty of a “Master of Works ’ and Ins fieqnent exposure 
during the oreotion of the building biought on a tendency to rhenma 
tism with a severe attack of sciatica He farthei took a similarly 
active part in the planning and erection of the new—the Western 
Infirmary of Glasgow, tbo funds foi which were mainly onntnhutod 
by publio Bubecription This hospital is generally considered to be a 
m^el hospital It has roeenllj been great! v enlaiged on the original 
plan , and when Dr Thomson retired from the Chair of Anatomy in 
1877, he had aliearly realised the pleasure of seeing the great snccess 
of the Glasgow Medical School wbuh he had done so mneh to 
develop 

In 1870 he ceased to live at Skelmoilie, which he let and afterwards 
sold, and in 1871 hu only son, John Millar Thomson, settled in 
London as one of the assistant demonstrators on chemistry at King's 
College The summer of this year was spent with bis son and 
Mrs Thomson in the Highlands of Scotland “ It was,' he writes m 
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September, 1R71, “a f^reat nacceRs for mo and Mm Allen to oomo 
hero (Ljnvilg Avieore) for a holidaj I knew the oonntry well 
from my residence at RnUiiemnrehna (close by) with the Bedford 
family in the antnmn of 18db and 1837, and I had moot agreeable 
recollections of rambhs among the Grampians and vanons parts of 
the ntighbonrhood Mm Allen and I have not exactly rambled over 
the top of Cairngorm and Ben Muithdhui ns we need to do when some¬ 
what yonngcr, but we have leally done an immense deal of walking 
for such old people and have pre filed in health, and enjoyeil onr 
selves to the full 1 ho scene ry is just what wo like—grand and open 
and ret beautifully combined with nvei lake natural wood, rock,and 
mountain The hirchos especially are ehaiming, and the remains of 
some of the old Caledoniau forests of *'eotoh bm, some of the best 
existing I am Sony to think the time of ooi remaining here approaches 
its termination as I must be m Glasgow for moitings on the 20th, 
and inf end to leave tins on the 1 *th ' 

In 1872 ho again wci t abroad with his family and with Dr Sharpey 
to visit I’lofeHsor Kolliker and other friends m Germany and m tho 
summer of that year he extended his tour to the north of Italy The 
summer of 1873 found him once more travelling in tho north of 
Scotland, and visiting Ins many fiieuda 
On hia sons mainago to Mise Aikin in 1871 he began to think 
senouiily of letinng from hw ptofessorahip, nnd after some delay, 
finally Clased Ins active connexion with tho Univcmity of Glasgow 
in 1877—a connexion which had extended through different members 
of tho family without mterraption for lib jears He then came to 
[jotidon, where he took a bouse next to that of Ins son Here he took 
an interest in all that w as going on in the world of scienee—occupying 
himself espeei illy in the affairs and work of the Royal S<x.iety Ho 
was now able to enjoy, and he mueh appieeiated the qniet home lift 
he was able to lead in peaceful retirement, ‘ listening to tho innocent 
piattlo of bis grsndehildren It was a new pleasnie and an amnae- 
ment to have them with him in his study 

It IS not easy to eonvey to othoia a snSBcient appreciation of 
Dr Allen Thomson’s numerous contributions to biological seience 
His earlier papers were on embryology, which throughout life con¬ 
tinued to be the favourite subject of his study aud rcsearclies, woiking 
bald to keep pace with the rapid progiess of the scienoo It was in 
this held that he won hia lauiels, and althongh his name may not 
be asBocintcd m the history of that science with any one groat 
discovery (althongh ho contributed many new facts), yet he will 
always be rogaided as having done much, perhaps more than 
anyone else in this country, to make this difficult department of 
biological science familiar to Bntiah biologists He directed bia 
attention to it when few in this country did so, and did much by 
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clear and aocnrate dtaonption to make intelligible the writings of the 
Oermsn embryologists No one rejoiced more at the attention given 
to it by a ruing school of Biituh embiyologihts nor mourned moie 
dicply the sad death on tie Alps of its leader the late Pianois M 
Ualfoui of Cambridge He nas one of the hrat also to bring nndei 
the notice of Hiitish physiologists the icseiichis of Weber on the 
tartile sensibility of the skin and lie wrote laigely for the Cyclopse 
ditt of Anatomy and Physiologi, cditelbyl Id and Bowman Iho 
articles on Cinulation Generation and Ovum are from his 
pen and to the past and cniient editions if the Lncjclojissdia 
Britanmoa he contributed articles on kiiidied snljects Iheartielo 
‘ Ovum in the latter was ptejiiicl by liiiii an 1 ovci it ho woiked 
to the end with ardent love and can hut since Ins death another 
hand lius been Pin))I yed to write it fie also wrote on physiological 
optics more especially on the mechanism by which the eye aoeommo 
dates or focuses itself for ohjciU at different distances and his 
name has long been assuciatod with cm tent t litions of Qnains 
System of Human Anatomy as t liter especially of the descriptive 
jaits of the seventh and eighth editii ns In the soveuth edition 
he was associated with Ptofossors Shaipey and Cliland in the 
eighth with Piufossois Sboipey and "bcl afer and in the ninth 
and last editieii with Prufcssoi Schiftrnml Profess )i Thane Ixith of 
Univetstty College L ndon Alike with pen and pencil Di Ihomson 
made important add tions to their great a nk espcoially An Onthno 
of the Development if the Feetus He also c litcd a second edition 
of hu father s Life of Cnllen 1 tho Iloyal Sooiotu s of Ldmlmrgh 
and London, and Biitish and Jfoniga medical j urnuN he coutiibut^ 
nnmerons special pajiers anl aitieles J he Kiy il buoiely s Catalogue 
contains the titles of about twenty papers by him 

Daring hu distinguished caietr Dr Allen lliimson leciived many 
seientific honmrs He was olectei a hollow of the Boyal Society of 
Ifidinbnrgh in 1838 and of the Kiyal Society of Lon Ion in 1848 
After Ins lomovul t) Loudon from Glasgow in 1877, he booamo first a 
Councillor of the Iloyal Society, and ultimately one of tho Vice 
Presidents Ho was Piesidont of tho Piulusopbical Society, of the 
Modioo ChirargicAl Society and of tho Sei nee Tjcctaros Assooiation 
m Glasgow, in which city be was also the fust Piesident of the Local 
Branch of tho British Medical Associatnn ior eighteen years he 
was a member of the General Mcdieal Conncil foi the Universities of 
Glasgow and St Andrews jointly from 1859 to 1877, where hisnpe 
expenenoe and calm judgment enibled him to do good service to the 
canse of medical education In 1871 he was Piesideut of the Biolo 
gical Section of the Bntuh Association at the meeting in Edinbnrgh, 
and in hu address he reviewed the progiess of btologioal soienco 
M ithm the period of hu own rccHiUeotion In 1876 the Asaooiatioa 
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conferred on him ita hig^hest honour by electing him to the Prem- 
dentud Chur At the meeting at Plymouth m 1877, his calm, far- 
seeing, and philosophical address on his favourite topic, “Ihe De¬ 
velopment of the Forms of Animal Life ’ was a masterly history of 
the gradual acooptanoe of the dottnnos conneotod with the name of 
Darwin, whose important generalisations his open and receptive mind 
had long before accepted In 1871 Dr Allen Thomson received from 
his umversity the degree of LL D, a degree which was also conferred 
npon him by the Qlssgow University in 1877 

In 1882 ho received the degree of D C L from the University of 
Oxford , and latterly he was elected to at hast one Syndicate of the 
University of Cambridge to assist in the election of professors to the 
Biological Chairs Whilst thus pnrsnmga pntely and steadfast scientfic 
caicpr Di Alien Thomson was well known as one of the most active 
and influential men in the city of Glasgow 

The friendly hand that wrote the obituary notice in the ‘ Glasgow 
Heiiild’ fiom which much of this memoir Ins been comp ltd has 
given the following characteristic woid pictuie of Dr Allen Ihomson 
—“ He took a deep interest in almost all departments of science He 
was a ready listener, and alvsys delighted to hoai an account of anew 
investigation hager m the pursuit of truth himsilf he above all 
things, demanded accuiacy Ho was cntical on all questions, and it 
required a great deal of fact and argument to kail him to a change of 
MSicntiho opinion Vet his mini was npon and receptiie, and he did 
not shrink from a chango of view althongh it went against his piecon- 
ceivod notions Hia own wiitings aie models of ckaincss of state 
mont and skilful marshalling of facts Dr Alkn Thomsou’s mode of 
teaching was of the same character Method, order, precision of 
stitcmeiit and close reasoning shono in every lecture while theru 
was also the ponnasivo eloqu noe of a great enthusiasm which capti 
vated the listener ’ 

As a teacher he was equalled hy few and surpassed by none of the 
many colleagues amongst whom he taught His education and sui - 
roundings made him a teacher, and to that work ho bent all hu 
enei-gies Those only who have been associated with him as demon¬ 
strators of anatomy in his dissecting rooms in Edinburgh, Aberdeen, 
and Glasgow, can appreciate the daily labours he went through in 
preparing and arranging the material for bis lectuiis and demonstra¬ 
tions Personally he was mneh beloved by his students, who are 
genoially remarkable for devotion to a teacher who takes pains to 
teach as he did “ In the socml circle there was much gentleness and 
wmplioity of manner along with a keen sense of humour, while his 
domestio life throughout was ebaraotensed by a quiet kmdliness, and 
that obivulroas attention to little details of personal coattesy which 
mark the true gentleman " 
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“One can never forget tbo kindly courtesy, tho simplioity of 
address, the indestribable oharm of his manner, the waimth of his 
friendship “ Loyalty to his friends was a typical oliaractenatio of his 
affootionate natnro 

Inheriting the best oharactenstics of his father with himself as 
with hiB father “ho was a diseormng and attirhod [Nitron of yonth- 
fnl and friendless merit so that then arc many who owe thrir nsp 
in life to him, and who bless his momoiy all over the wirld * In 
evidence of this we have the testimony of the Tnasni er of the Boynl 
Society, in his eloquent addieas on Dec< inhet Ist ISHt, when he said, 
in Ins notice of Dr Allen Ihomson’s death that for acts of kind¬ 
ness there must be many besides m>Bplf who owe him a deep debt of 
giatitude t ^be writer oi this pipei fully eiidomes this statement, 
and with gratitude acknowleilgts the many acts of kindness he 
leoeived from Allen Thomson thioughout a biolh riy oi lather 
fathor-like friendship of more than thirtv six )(iU8 bi also Dr 
George Johnson in his address os President oi the lie lico ( hirurgical 
Society, on March Jnd, Ids'), thus spoke of him — l)i Allen 
Thomson will long be held in liTectionate remimbiaiiie not only for 
tho extent and vaiiety of his seieutifae attainnieiits, bnt fur his wisdom 
ID Goumil, the genome kindly courtesy wbioh gave an mdosciibablu 
charm to his mauner, and tho endunug waniith ot Ins Irit nilship { 

On hia retirement fium the Uiiivcrsity of Crlwgiw m 1H77 his 
portrait, painted by the President ot the lliyal Scottish Academy 
of Arts, the late bir Daniel Macnee, was pieseutod by has fnends 
and admirers to the University and it now liati),s in the Ifniitenan 
Mnseom, to hand down to futnre generations the cbenshed fratnres 
q{ so beloved a man A icpl ea of this puitiait was pieseuUd to 
Ifra Ihomson 

Dr Thomson has left a widow and an only son Mi John Millar 
Thomson, Demoustiatur on Chemistry in Kings College, London, and 
beerelary to the Chemunl boeiety of London Up to within four 
inonths of hia death Dr Ihomsou apjieaipd to be in excellent health, 
and looked forward to the pleasure ut being m Ldinbnigh at the 
approaching teicentenary In ItiSJ he went with his wife to Cannes, 
on January 3rd, and spent the cold months and spring there, and the 
saminer was once more passed with his son diiaglitei in law, and 
grandchildren in the West Highlands of bcotlmd with mnoh 
pleasnre in revisiting scones with which ho had bteu so familiar in 
earlier daya Suddenly, on December 14th, fioin his house in 
Loudon, he wrote to say that his left eye hail not been quite 
so well of late, and that Mr John Couper and Sir William Bowman 
• Memoir of H Cockburn’ p 161 vol u 1816 
f lYnoeedin c p UO toi J7 
; lied Chirurg Boo inuis,’ lol 68, p 7 
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both ooncarrsd in the opinion that an iridectomj should be performed 
without delaj. Accordingly, on the following day, Mr. Oonper did an 
iridectomy on tlie left eye, on aoconnt of gUnooma. Nothing oould 
liavB been more satisfactory than his recovery from the operation. 
The wound healed without pain, vision was maintainod, and normal 
lenMon restored. About ton to fourtoon days after the operation he 
began to experience lancinating pain referred to the ears and base of 
the skull, which he attribute 1 to the oast wind and rheumatism, as 
there was no change in either eye to account for the pain, and no 
external swelling lie woke in the morning to find that he had been 
strnck bbnd of the right eye (which np till that inomont had been 
perfeot). Mr Conper saw him forthwith, and found the tension 
normal, bat there was a considerable area of the field of vision blind, 
the limit coming olose to the centre He could only distinguish large 
letters. Next day the main branch of the arteria cautralis was seen 
to bo ]ilaggeil with blood-clot, the portion of vessel beyond the 
ping empty, and so for many weeks vision was entirely lost. From 
this it was feared that other arteries might be similarly plugged in 
adjoining parts. Dr George Johnson also saw him with Mr. Couper 
and Mr. G. A. Aikin, and found that the cardiac valves were sonnd 
It was thus probable that the vessels bei'ame plugged owing to 
degeneration of their coats at the plugged part. Gradnolly the 
plugging process extended, and abont the fourth month after the 
illness began some local paralyses beesme developed, first in the left 
hand, thumb and forefinger, which passed away, and afterwards in the 
mnsoles of the right side of the face; the vagus also became implicated, 
so that liiooongh was more or less constant, relieved only by chloro¬ 
form. His strength was rednoed by protracted suffering, and even¬ 
tually breathing became obstructed. He died at 66, Palace-gardens 
Terrace, W., on March 2l8t, 1884, in the seventy-fifth year of his 
age j and as he wrote of his friend Sharpey, so it may be written of 
liimself: “ lie had not a single enomy, and he nnmbered among his 
friends all those who ever had the advantage of being in fain society.”* 
His memory will long be cherished in the hearts of thonsanda of his 
pupils at home and abroad, alike in oivil and in miUtary life 

W. A. 


* ' Froc«edin|p,’ rol 81, p xix. 
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llallibnrton (W D ) on mosele pUsma, 
400 

Halslury (Lord) ilc ted 16 

-admitted 35 

Hamilton s numbers, on (Sylreater and 
Hammond) 470 

H iinmond (J ) and J J Bylreeter on 
Hamilton s numbers 470 
Hardman (i T) note on Pnifesaor 
Hull s paper 306 

Harmtuie c imponents on the oomputa 
tion ot tlie of a senes representing a 
phenomenon recumng m daily and 
yearly peiiods (Strsehey) 61 
Hart (T G) and F i FianUand, 

^ further expenments on the distnbn 
tion of micro organisms in oir (by 
Hesse s method) 267 
Haugfaton(ReT 8) ageometnoolinter- 
pretaUin of the first two pennods of 
ohemioal demMits following hydrogen, 
showing tbe relations ot the iouttetn 
elcmi nta to each e ther and to hydro 
gen hr means of a nght luw and 
cubic ouire with one iM asymptote, 
182 

Heart ud pulse, note on tbe funotuma 
of the sinuses of Yalsalra and ann 
oular appendioea wnth some remarka 
on the mechanism of the (OoUier), 
468 

Heat m liquids, oondiiotion ot (Cbree), 
800 

Hennessy (H ) problems m meohamsm 
regarding Iraini of pulleys and dmnis 
ot leaot weight for a giren reloeity 
ratio 184 

-*— aeoond note on the geometneal 
ooDstruotiaa of the oeU of the hoimj 
bee, 176 



INDEX. 527 

TiUamdti (Will) and Iron on the magnrtiMtion of, in itrong 
Xaloxflo» Hooim (Williamson), 8 fields (Jiiwme and Ijok) MO 

Hill (ti A), some anomalies in Hie Ito (1) and W Oardiner on the 

innds of Northern India, and their stnnture of the inncilaKn cells of 
relation to the diitnbution of baro- jBIfrkmim oieulrttf ilr (L ) and Oe- 
metno pressure J5 mtinda rtaalu (L ) SS3 

Hinde’s (Dr G J ) iwper ‘ on beds of 

sponge remains in the lower and upper (Jeqninti) the pmti i Is of the seeds of 
greensand of the South of England AArwtptsrafuriss (Martin) 331 
( Phil Trans ,’188'i p 408), notoon Jilinson(G S) on kraalinins I On 
(Hull) 804 thekreitimn of iinii as disl inguished 

Hopkinson (J ) note on induction coils fium that ol turned tioni flesh kreatin 

or transfomiors' 164 II On tin. krLilitniis lUriiid from 

-note on the theon of the alUmate Hie dehidrali ii ol urinary kuatm, 

current iljnamo lf>7 tOI 

Horsier (V) and t' E Betror a 

further minute anaUsis by olietrie Kaluxi/loit Ilooket) Ilelrraniintm TJi- 
stimulation of the so tailed motor i leoiitrs (Mr lU ) and (M illiamaon) H 
region of the oortix certbn m the | itimpe (A 11) noli lo u memoir on 
munkty (Vaeaess sisieu), 4H) tin Ihtoiy of inntliemalical toim 

— andE A St biter, a record of oi ( l*hil Irons lS8b) 198 

ponmtnU upon the functions ol the Kennidi (A.ltxiiidtr U W) eltUed, 
cerebral cortex 111 I ISA 

Hulke (J W) supplemental^ note on — admitted IW 
^olarantktu Foxtt dtscnliing the King ((storgi) < In U 1 ISA 
dorsal and some parts of the <n<lo Kirk (Sir John) eletUd ioi 

skeleton impirfettly known in 1881, -atlmittcil ioi 

16 Klim (h) till itiology >f scarlet feior, 

UuU (E) note on Dr O J Hmdes IW 
paper ‘on beds of s)K)ngn remains in Krentmms on I On the kreatinm 
tlie lower and upper grot nsand of the oi urine os distingmshed from that 

South of England' ( Plul Irons,' obtaiiiid from fleiTi kreatin IT On 

1886), SU4 the kieatimns denred trom lbs de> 

£-1 note on the abore (Uardman), hydration oi uniiary krtatm (John* 

308 son) 806 

Huxley (T H ), preliminary note on the . 
fossil remains of a ihelonuin nplilt I Lamb (II) on ellipsoidal eurrent sheets, 
Ctraioohelj/t Hhennrfu, from Lord lUb 

Howe's Island Austialia Add , — on the piinniial eleotiio tune* 

Hydrogen a gioimtrual interiiretalion constant of a tirrular disk AK9 
of the first two periods of chemical IsiisisCsir J H ) and J H Gilbert on 

elements lulloa mg, showing the rela the present position of the question 

Uonsofthe fourteen elements to each of the souraes ot the mtrogtn of 

other and to hrdrogen by means of a ' Togetation with some nea results, 

right hue anl cubic curre with one and preliminarr notice of newlines 

real asymptote (Haughton), 48A of investigation, 488 

I cguminosew, the tubercular swellings 

lee, note on tome experiments on the i on llio roots of the (Ward) 331 
Tisoosity of (Main) 838 481 | Lepidodndtim Hannurtu and L 

loeland spar, on tbs efisUof polish on gtttonm (Will), note on (MUham* 
the reflexion ol light from tho surface son), 0 

ot (Sparge), 34A Lcpidoptcrous papas and the surfaces 

India, some anorashee in the winds of which surround thorn an inquiry into 
Northern, and their relation to tho tho cause and extent of a special 

distribution of baKinu,tnc pressure oolour relation between oertam ex> 

(Hill), 36 poeed (Poulton), 94 

Indncbon code or ‘ transformers note tie*«s«s on Unxltiroluimor a now typo 
on (Hopkinson), 164 of the group (Maseee), 370 

Integrals on oertsin definite No 16 Light, on tho ellect of pohsh on the i*. 

(Boseell), 477. flexion of from tlie surface of Iceland 

Iron, electrochemical eflbcts on magnet epar (Siiurgc), 848 
lamg (Andrews), 468 Liquid and gaseous states of matter, 

i 
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I«rekiniiMU7 note on the oontinuity of 
tVe (Rniniay and Toung) S 
L juid^ conduction of hrat in (Chree), 
800 

— which are bad condnotor* of 
tlrctniit^ on the rate at which elec 
tncitj leak! through (ihumeon and 
Itewall) 410 

‘ Lii er of Pattlla mlqala on the 
nephndia and (an(bthi>, 342 
Liviraidge (Archibald) adniiltod 318 
Loekyer (J N ), further diacuMion of 
the run spot obeorvationr made at 
bouth Kmeinid^n 37 
Lodge (OliTer Jowph) elec tod 862 
Loganthmr of 2 3 G 7 and 10, rupple 
mentary note on tl o value* of the 
Napierian and cf the modulus of 
common lognrilhrae (Adams), 22 
Low (W ) and J A hamg on the 
magnetisation of iron in strong flclds, 
220 

Itaeacui tiH mu a fuithtr minute 
analTSM by electno stimulation of 
the BO calM motor region of the 
cortex cerebri in the monki r (Beeror 
and Horsley), 483 

Mackey (J k ) the di eelopment of the 
branchial arterial arches in birds, 
with special reference totlie ongm of 
the snbclavians and carotids 124 
Hague tio induction (fc mlinsun), 224 
Magnetisation of iron in strong fields 
on the (h wing and Low) 200 
Magnetising iron clri trochemic il e8i rts 
on (Andrews) 450 

Main (J F) note on some experiments 
on the viscosity of loe 329, 491 
Mallet (T W) on the CKCurrenoe of 
idler in volcanic aah from the emp 
tion of Cotopaxi of July 22nd and 
2aTd, 1886, 1 

Maraupiaha and nionotremata the em 
biyology of Part 1 (Caldwell) 177 
Martin (8 ), tlie protridi of the teede of 
Jirmrpretatoiim (jequintv), 831 
Maesee (H ) on Oatletohektuft, a new 
type of the group lAtkentt, 370 
Matliematieal form, note to a memoir 
on the theory of ('Phil Trana, 
1886) (Kempe), 193 
Matther (R), contnbutiniu to the 
metallurgy of bumutb, 89 
Meohaniam, problema in, regarding 
trams poileys and drums ot least 
weight for a given velocity ratio 
(Henneeay), 184 

Mnoteana pUUiferpt (Ow ), on parte of 
the skeleton of (Owen) 297 
Metallurgy ot bismuth, oontnbutume to 
the (l£Mhey), 89 


Metals velocity of sound in and a corn* 
panson of their moduli of torsional 
and longitudinal elasticities aa deter¬ 
mined by statical and kinetical me¬ 
thods (Tomhnson) 362 

- in cyanide aolutioni, note on the 

1 lectrocfepoiition of alloys and on the 
electromotive forces of (Ihompson), 
887 

Micro oTgamam* in air further expert 
incnts on the distnbntinn of, (by 
Hesse B method) (Frankland and 
Hart), 2b7 

-obtained fiom air studies of some 

new (hmnkland and Frankland) 160 
Mieroscope, on a perspectiie (Burch), 
40 

MUno (John) elected, 362 
Monkey (Maeaeiu tmicui) a Ihrtber 
minute analysis br electric stimuln 
tiiin of the so called motor region of 
the cortex centin in the (Boevor 
and Hirnlej), 481 

Monotremata and iiiartiipiaha the em- 
bryologv of Part 1 (Caldwell) 177 
Morpliulcgy of birda on the (Parker), 

Motor region of the cortex c>cnbii, a 
further minute anaivsis of the so- 
culled, in the monkey (Jfoniew 
rtHtpHt) (Bievortnd Uoraleyl, 413 
Miicilsge cells of Slnk»um onide»talt 
(L ) and Onmnda rrgalu (L) on the 
structure of the (Ito and Uardiner), 
363 

Mutele, action of oaffmn and theme i^n 
luluntary (Brunton and Cash), 2aS 
Muscle plasma on (Halliburton), 400 
MtaUIttK aafnreftmt, note to a paper 
cm the blood vnuiels of (‘ Phd rrans 
1886) (Parker) 437 

Nephndia and ‘ livei ' of PaitUa vnt- 
qala, on the (Qnffiths) 898 
'New force’ of M J Ihore, on the 
supposed (Crookes) 845 
Newall (U h ) and J J Thomson on 
the rate at which eleotneity leaks 
through liquids whirh are bad eon 
ductora of eleotneity 410 
Nitrogen of vegutation, on the present 
position of tho question of the eources 
of the, with some new resnlte, and 
prehminary notme of new linea of in¬ 
vestigation (Lawn* and Gilbert), 


Obituary notioee of fellow* dooeased — 
Boilean, John Theophilut, i 
Elliot, Bir Walter, viii 

Wbtworth, Bur Joeepb, ix 
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OfwilkorljinallMt paradomu, deionp- 
tum of a newlr exoludad young of 
the (Owen), 391 
Otmmiula rfffalit (L) and 
oeetdtntaU (L ), on the itrurturo of 
the muoilaga oeUi of (Ito and Oardt 
nOT),SS8 

Owen (Sir R ) on paiti of the ikeleton 
of Mttolania platpetpM (Ow ), 297 

- on foieil remaini of Behidtui 

' jBamMyt (Ow ), 890 

— description of a newly exrludod 
young of the Ornxtkorkiincluu para 
iotiu (Ow ), 391 

Panaaaaarat hooAtdrnt (Owen), on 
and the eignifloanoe of its affinities to 
amphibian* reptiles, and mammals 
(Seeley), 837 

PaAer (I J1, note to a paper on the 
blood sessels of Miulrlui aniarelteut 
(<Phil Tran. * 188fl), 487 
Parker (W K ) on the morphology of 
birds, 62 

Pafrlla aulgata, on the nephndia and 
‘ liTer' of (Onffiths), S9d 
Perry (S J) n ixirt of the oluerTStions 
of the total wilar eckpse of August 29, 
168S made at Oamsoou, 810 
Penpeotii e mierosoope, on a (Bureh), 49 
Phosphoniiun chloride, on (Skinner), 
288 

line of (Crookes), 26 
Physical phenomena, some applications 
of dynamioal principles to Part II 
(Thomson), tB7 

— ■ properties of matter, the influence 
of stress and strain on the Part III 
Magnetic induction (Tomlinson) 234 

— .. properties of matter, the innoeiioe 
of stress and strain on the Fart I 
SlastMity (roatissied) (Tomlinson), 
862 

Physiologieal action, contributions to our 
knowlMge of the oonnexion between 
chemical oonstitutum and (Brunton 
and Cash), 240 

Piokard • Cambridge (Ber Ootanus) 
elected, 868 

Plane cubios, on the diameters of 
(Walker), 884, 488 

Plants of the ooid measures, on the or 
ganiaation of the fossil, Bettraagwm 
JSiuioid; (Will) and Baloxyloa 
Saokart (Wuhamion), 8 
Plasma, on muscle (Ealhbnrton), 400 
Pleura, on the foroe with which the two 
layers of the healthy, oohere (West), 

PoUoanthu Pont, sup p ls ment a r y note 
on (Bulks), 16 


Pohsh, on the elFrct of, on the roflexion 
of light from tho surface of Iceland 
spar (Spurge) 242 

Poulton (1 B) an inquiry into the 
causa and extent of a snecial colour- 
relation between certain exposed lepi 
doplerous pupsr and the surfaces 
which immediately surround thorn, 
94 

Preite (W H ) on the Iiimtmg distanro 
of speethby telephone 162 
Presents, lisUof 10 dl,47, 69 86,109 
m 142 Ibl 172, 182 210, 240 
302 314 336 312 360 483 
Proteids tho, of the see^ of Abrat 
pr»ca(orttu (jequinty), (Mailiu) 
331 

Protorotaoru* Spmrii (yon Meyer), on 
(Seeley), 86 

Pulse, note on the funrtions of the 
eiiiusts of Valsalya and auricular 
appendices with some n msrks on the 
mechanism of the lioart and (ColUor), 
469 

Pupa), an inqmry into tho cause and 
extant of a apecuil colour relation 
Ixtween certain exposed lepidopte 
rous and the surfaces which imme 
distely suiround thi in. (Poullonl, 94 
Putrefaction on ngor mortis m fliu ami 
its relation to (haart), 188 

Rabies on (Dowdeswell) 356 
Radiant matter speotrompy on t ex- 
Muinatiou of the residual glow 
(Crookes), 111 

Radiation prelimmary note on the 
‘ radio miorometer a new instru¬ 
ment for mratunng the most feeble 
(Boys), 189 

- on thermal, in absolute meacure 

(Bottomley) 867 

-from dull and bright aiufaoea, on 

(Bottomley), 438 

' Radio mierometar' preliminary note 
on the a new instnimeiit for measur¬ 
ing the most teoble radiation (Bojrs), 
189 

Ramsay (W) and 8 Young, preliminary 
note on the eontmuity of the liquid 
cud gaseous states of matter, 8 

-eyaporation and disaooiation. 

Part V A study of the thermal pro¬ 
perties of methyl aliohol, 87 
Reflexion of light from the sarfaoe of 
loelaud spar, on the effeet of polish on 
the (8purge), 248 

Bendoal glow, on radiant matter epeetro- 
soopy, e x a m i n aUou of the (Crookes), 

Rigor mortis in flab on, and its rslatM 
to pntrefsction (hwart), 488 
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Bock ipecuneni iVofti three pceki m the 
CeuiMui, nolo on the mieroioopio 
■tructme of (Bonney), 818 
Boot* of tho liCfiumiDOerR), the tnber- 
ralsr iwellingi on tlie (Wnnl), 881 

- — of T'uiia faha, on the tuberonlar 
•wollinge on the (Ward) 36b 

Boiebei; (1 arl of) admitted 368 
Butating naMLi (A fluid on figuiee of 
equilimum of (Darwin), 359 
Bniaoll (H C) admitted, 868 
Bnisell (W II L) on certain definite 
uitrgr^ No 16, 477 

Soarlet fertr, the etiology of (Kloin), 
158 

Schefor (K A) and V Homier, a re¬ 
cord ot eipenmcnta upon the func 
tioiia of the << rebrol ( rtex 111 
Bohunck (h) contribution* to thecho 
mwtrr of iblorouh}ll No II, ISt 
Behiuttr (A ) on tW total fotar erbpao 
of Auguit 20, 1888 (preliminary 
aceoiint), IHO 

— expermienta on the ditcharge of 
eloctiuity through gasea (titond 
papir), 371 

Soorpioiw, tlM reputed •meide of 
(%ume) 17 

Beott (A) on the oompotilion of water 
by Tolnme, 806 

Seoda of AUm prtiatonui (ieomni.y), 
the proteida of the (Martin) 881 
Beelry (H. Q ) on ^rotoronmnu Spenmrt 
(ron Meytr), 8b 

-onPai tfataum bomiidtiu (0*cn), 

and the ngniflianee of ita afllmtici to 
amphibiana, riptdea, and mauiiuala— 
Oroonian lecture, 337 
Senee rcpreaonting a phi nomrnon recur 
nng in daily and yearly penoda, on 
the computation of the harmonio com- 
ponenta of a (Stracliey) bl 
Bmin, note on a niw ooiutituenb of 
blooil (Wooldndge), 380 
Sewera, the air of (Camelloy and Hal 
danr), 894, oOl 

Bhemngton (0 S) note on the anatomy 
of Aaiatio cholera aa exemplified m 
ceaea oooumng in Italy in lB8b, 
474. 

SilTor m Toloamo aah from the emption 
of Cotopaxi of July 28nd and 38rd, 
1886, on the ocoiirronce ot (Mallet), 1 
Binuaea of Valaalra, note on the fnno 
twna of the and aunoular appendioea, 
with lome reinarka on the nuxhaniam 
of the heart and pulie ((Mier), 469 
Bknner (S ) on phoaphoniom chloride, 
888 

Boelua (aeoroa Jamaa) elected, 868. 

— admitted, 868. 


Sound, the relocity of, in metalc, and a 
oomparuon of their moduh of tor 
noim and longitudinal elaaboitiee aa 
determined by itatieal and kinetioal 
methoda (rcmlinion), 888 
Bpeotroaeopy, on radiwt matter, ex 
amination of the reaidnal glow 
(Crookea), 111 

Sp^h hr tilrahone, on the limiting 
dutance of (Fnece), 153 
Sponge remauia m the lower and upper 
greeniand of tlio aouth of Bngh^, 
note on Dr O J Uindea paper on 
beda of (Hull), 804 

Spurge (C) on the effect of poliah on 
thi. reflexion of bght fiom the eorface 
of It 1 land ipar, 842 

Strathey (B) on (be computation ot 
tho liumionic oomiiononta of a aenee 
repnainting a pbtnomenon recurring 
in daily and yearly penoda 61 
Strain in the earth s enut roaulting 
from leculir tooling on the diatnbu- 
turn of with apttuu reference to the 
growth of roiitiiienta and the forma¬ 
tion of inonntum thaiua (Danaon), 
836 

[——] note on the geological bearing of 
Mr Danaon a paper (Bonnoy), 888 

r-3 nolo on Mr Dawaon^a popor 

(Darwm),483 

Streiw and atrain tho influonoo of on 
tbo phyMoal jiroperbea ot matter 
Fart 111 Magnetic induction (lorn- 
linaon), 334 

— - the influinoo of on the 

phyaical propcrtietof matter Fait I 
Jtliviliiitr (toafixHerf) ihe Tihioity 
ot aound in metala, and a companion 
of thoir moduli of toraional and Ion- 
ituUnial tUatii/itios aa detamiinod 
y atatual and kmetual methoda 
(lomlinion), %3 

Sun, total eilipie ot the, obaenred at the 
Carolina lalanda on May 6, 1888 
(Abney), 483 

Bu^ght, tnuumiaaion ol^ throng the 
earih a atmoapbere (Abney), 170 
Sun epot obeerrgtiona made at South 
Kenamgton, further duanaaiom of the, 
(Lookyer), 37. 

Bylreatcr (J J) and J Hialinond on 
Hanulton’i niunben, 470 

Teeth m the Daiynnda, on the homolo- 
giea and auocetcion of tha, with an 
attempt to traoa the hntoty of the 
erolntion of mammaliaa teeth m 
general (Thomii), 810. 

T^hone, on the lumtug diitenoe of 
ipee^ by (Preeoe), 168 
-tranamitter, a theimal (Forhet), 141. 
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Dmom, aition of emffon ud, upon ‘Tnuuformen,’ note on induotion ooil* 
Toluntw^ muecle (Brunton nnd Cuh), or (Hopkinaon), 161 

888. Tubercular iwelliii);*, the on the roota 

Thermal telephone tranamitter, a^ of the Ixiguininoeeai (Ward), dSl 

(Torbee), 141 -on the >oot» of Viota faha, 

- ladiation m abaolute meaanre, on the (Ward), SBb 

on (Bottomie;), 867 

— propertiee of methyl alcohol, Unne, on krratmmi I On the krea> 

• itudy of the (Bauuay and Toung), tuun of an dietitiguished from that 
87. obtained from Oceli kteatm 11 On 

Thennodynainto proportie* of tub tho krcatini dmred from the dehy* 

etaacra whuae lutnnuo equation le a diaUon of urinary Lroatin (Johnion), 

linear function of the preHure and 36C 
temperature, on the (bitxgimld) 60 

Thonuu (O) on the homologies and Valealva, note in the funitions of tho 
aucoeseion of the teeth m the Dasy sinuses of an I aiimular a[ipindtois, 

unds, with an attempt to trace the with snnii n marks uii the mechamsm 

history of the erolulion of mamma of the heart and pulse (t ollior), 

ban teeth in general 310 460 

Thompson (C) and C R A Wnght, Vegetation on the present position of 
note on tho development of voltaie the qucstiou ut tbi siurus ul the 

electnoity by atmosphenc oxidation, mtrogen of, uitli some new rosulte, 

812 . and prthminary notice of new hnea 

Qliompson (8 1’) note on Hie electro of miestigntion (Lancs and (Idbcrt), 
deposition of alluysand on the eketro* 4H1 

motive foroM of motals m cyanide Fum/oin, on tho tubercular suellinga 
aolntions, 387 on the roots of (Waid) 356 

Thomson (Allen), obituary notice, xi Visooaity of loo, note on some ixpen* 
Thomson (J J), some applications of menta on the (VTsin) 326 I'll . 
dynamicalpnnoiples to ^ytioal phe Volcanic ash from the i ruplion of Ooto- 

nomena ihut II, 287 paxi of July 22nd and 23rd, 1885, on 

— on the dissociation of some gases the oeeurrenieof siliei in (Uallet),!. 

by the eleetno discharge—Bakenan Voltaio oleotni ity note on tho develop* 

looture, 848 ment of, by atmosphine oxidation 

and H F Newall, on the rate at (Wright and IhomiMon), 212 
which elec trust V leaks through liquids Vortices, on the foi mail >n of eorclost, 

whieh are bad oonduetors of tleo by the motion of a solid through an 
tniity, 410 invisoid innomprossiblo flmd (Ihorn* 

ThonDuon (8irW ) on the aavos produced son), 83 
by a single impulse in water of any 

Mptb, or in a dispersive medium, SO Walker (J J ) on the duuneters of 

<—on tho formation of eoreless vor* plane eubiot 3U, 488 
tioea by tba motion of a solid through Wolsingham ('Ihomas, Lord; elected, 
an mvisoid incoiupressiblo fluid, 88 868 

Thoro (M J ), on the supposed 'new —admitted 8‘>2 

fmroe^ of (Crookes), 845 Ward (H M ) on the tubercular awell. 

Tune constant of a nroular disk, on the mgs on tiu roots of 7 uiq/aia 366 

principal eleetno (Lamb), 288 -the tubercular swellings on tho 

Tmnhnson (H ), the mfluenoo of stress rooU of the LegumiiiowB, 881 

and stiain on the physmal properties Water, on tho compoaition of, by 
of matter Fart 1 I losUoity (ton volume f^eott) 38b 
fuNMd). Tho velocity of sound m Waves produced by a single impulse 

snatols, and a comparison of their in water of any depth on the, or in 
modnl) of torsional and longitudinal a dispersive medium (Tliomson), 8ft. 
riastieitiee aa determined by statical Weldon (W F R), prelumnary note 
and kmetio^ methods, 862 on a Balanoglosius larva from the 

-die influeoee of strees and strain Bahamas 146 

OB the physical properties of matter -note on the above, 478 

Part in liagnetio mduetion, 224 West (B ) on the force with which the 
nsjMdb eiarstorefo, the eleotromotive two layers of tho healthy pleura oo- 
mopertias of the eleotneal organ of here, 482 
loSStt), W. Whitaker (Wilham) oleetod, 862. 
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'W]>itirortb (Sir Jowph) obitumi^ no 
lioo li 

'^lUiamion (WO) note on L»p\dodt» 
drm Haroo*rt\^ and 1| fkbgmontm 
(WiU) fa 

— on the organiwtiOB of the fottil 
phu U of the coal meaiuTM H*t»r 
tngvm Ttliaiadr* (Will) and Aofe 
9 

—• dtt the true jCruotiOeation of the 
carbomferoui oalamitei 889 

Wii li of Northern India, aome ano 
mal ua m the an I their relation to 
the Iwtnbution of barometrio jirei 
■lire (Hill) 36 
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